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(57) Abstract: A method (200, 300, 400) accordmg to the invention is a method for determining a condidate cell for an active set, 
where the quality factor of each cell in the active set is determined (202), a quality factor of a test cell is determined (203), and die 
test cell is accepted (205) as a candidate cell for the active set if an acceptance criterion is fulfilled. The method is characterized in 
that die acceptance criterion is selected (201) so that for a certain fot quaUty facm 

factors, consisting of quality factors of tbe cells in a first active set, die acceptance criterion has the same value as for a certain second 
quality factor of a test cell and for a certain second set of quality factors, consisting of quality factors of cdls in a second active siel, 
when the first quality factor is equal to the second quality factor multq>lied with any finite number and the first set of quality fectors 
is the same as a set formed of die quality factors belonging to the second set of quality factors multiplied with die same finite number. 
The invention relates also to ah arrangement, to a mobile station and to a network element where decisions about accepting a cell as 
a candidate cell for the active set are done. 
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Method for determining a candidate cell for an active set 



The invention relates in general to cellular networks. In particular the invention 
relates to soft handovers in cellular networks. 

5 Transmission diversity refers to a situation where at least two transmitters are 
transmitting the same data flow to a receiver. For example, a mobile station may 
receive radio transmissions from two base stations of a cellular network 
simultaneously. One of the advantages of the transmission diversity is that if the 
quality or strength of one of the received radio transmissions decreases, the quality 
10 of some other received transmissions may still be high enough for receiving data 
reliably. 

A situation where a mobile station conmnmicates with more than one base stations 
simultaneously is called a soft handover. If necessary, for example to ensure a 
reliable data transmission, a mobile station may be communicating even most of the 
15 time with more than one base stations. In certain situations, when the signal of a 
certain base station is clearly stronger fliat die signals of other base stations, it may 
be enough to communicate with one base station only. There has to be a method for 
deciding with which base stations a mobile station communicates. 

Transmission diversity and soft handovers can be supported, for example, in cellular 
20 networks that employ Code Division Multiple Access (CDMA) methods. Each 
transmitter may use its own spreading code in the downlink transmission, and a 
mobile station wanting to receive data from many transmitters processes the radio 
signal it receives with the spreading codes corresponding to the transmitters. The 
code sequences of different coimections must be chosen so that they do not correlate 

4 

25 and the code sequence of a specific coimection has to autocorrelate. Those signals 
that have been spread using a code sequence that correlates with the code sequence 
used in receiving the seemingly white noise radio transmission are separated. The 
receiver has to know the transmitters code sequence and die code sequences must be 
synchronized. The bits in the code sequence are called chips. 
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Figure 1 presents a schematic drawing of a cellular network which comprises base 
stations 101a, 101b and 101c. In Figure 1, these base stations are all connected to a 
single radio netwoik controller 102 and each base station is in the middle of a cell 
111a, 111b and lUc. Figure 1 presents one mobile station 110. The base stations 
5 transmit downlink data to mobile stations (arrows 120a, 120b and 120c) and 
receive uplink data from mobile stations (arrows 121a, 121b and 121c). 

In general a base station may comprise many transmitters, each of which transmit a 
separate radio signal. In systems employing CDMA methods, tiie transmitters may 
use different spreading codes. Here term cell is used to refer either to a base station 
10 or^ if a base station comprises many transmitters, to a transmitter. In a situation 
where a mobile station receives good quality downlink transmissions from many 
cells, it has to be decided which cell a certain mobile station conmiunicates with. 

Usually the cellular netwoik informs the mobile station of the possible cells, for 
example, selected based on the location of the mobile station. The infomiation about 

15 the hearest cells is called neighbor list. In a cellular network which employs CDMA 
methods, the neighbor list may comprise the downlink spreading codes of the cells. 
By taking the spreading codes hsted in the neighbor Ust into use, the mobile station 
may separate the data flows sent to it from each cell from the radio signal it 
receives. The neighbor Ust of the mobile station 110 may comprise, for example, the 

20 cells corresponding to base stations 101a, 101b and 101c, assuming that a base 
station corresponds to one cell. 

Usually a pilot signal is transmitted in each cell. This pilot signal carries no 
changing data, so it can be quite straightforwardly used in estimating the quality of 
the downlink radio transmission of a certain cell. A mobile station may, for 
25 example, estimate the quality of the radio transmission of all the cells in the 
neighbor list. A suitable parameter for quality estimation is, for example in a 
cellular system employing CDMA methods, the Ec/Io ratio, where Ec is energy per 
chip and Iq is the interference. Any other parameter measuring the quality of the 
signal may also be used. 

30 The cells with which a mobile station communicates form the active set of that 
mobile station. A radio network controller, for example, directs the downlink data 
heading to a certain mobile station, to all the cells in die active set. . 
Correspondingly, the mobile station listens to the downlink transmissions of all the 
cells in the active set. For example, the cells corresponding to base stations 101a 

35 and 101b can form the active set of the mobile station 1 10. 
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When the mobile station changes its location or the qualities of the downlink radio 
transmissions of the neighboring cells change for some other reason, it may be 
necessary to modify the active set A cell may be added to or removed from tiie 
active set, or a cell in the active set may be replaced with another cell. This 
S replacement is usually called branch replacement 

There has to be a criterion for accepting a new cell for the active set The 
CDMA2000 RTT description, for example, defines the following criterion for a test 
cell to be accepted to the active set The cell may then be added to the active set or, 
in case of branch replacement, it may replace the worst quality cell in the active set. 
10 If the quahty factor, for example the Eq /Jo ratio, is marked witii Pi for each cell i in 
the active set, an acceptance limit Q can be calculated by 

Q = max{5- 101og,o(Z^) + ^» 7^} 

where 5, A and T are parameters. As can be seen from the formula for Q, the value 
ofQ is expressed in dB and the quality factor Pf is a plain number. It is checked if a 
15 certain cell with quality factor Pj, is a proper candidate for the active set by 
comparing lOlogio Pj to g. If lOlogio Pj (i.e. Pj expressed in dB) exceeds Q, then 
the cell can be added, for example, to the actiye set. Parameter T ensures that even if 
the quality factors P, of the cells currently in the active set are poor, a cell having Pj 
(expressed in dB) less tiian T is never accepted as a candidate cell. 

20 There may be other conditions, for example that the active set may not be modified 
too frequentiy, that hinder the adding of a new cell to the active set All neighboring 
cells not belonging to the active set, for example, may be tested each time die 
. neighbor list changes, and the cells whose quality factor does exceeds the 
acceptance criterion may be considered to be added to the actiye set 

25 The problem with the current acceptance criterion is that it does not ensure proper 
acceptance decisions when the value of S is different from 0 or 1. Let us consider 
two examples, when the following values for the parameters are set: S - 2, 
A = -6.0 dB and T = -6 dB. In the first example, the active set contains two cells, 
each of which has the quality factor value 1, i.e, Pi = 1 and P2 = 1. The acceptance 

30 limit in this example is j2 = 0 dB, i.e. a cell having a quality factor of 1 can be, for 
example, added to the active set. This is an acceptable decision, because the cell has 
the same quality factor as the cells in tiie active set 
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In the second example the active set contains also two cells, and now the quality 
factors are Pi = 3 and P2 = 3. The acceptance limit in this example is |2 ^-5 dB. 
The quality factors of the cells in the active set are 5 dB, so a cell has to have a 
quality factor 4.5 dB higher than the cells in the active set to be accepted to the 
5 active set Correspondingly, expressed in absolute values, a cell should have a 
quality factor Pc = 9.5 to be accepted to the active set. Intuitively, the acceptance 
criterion should also in this second example produce the result that a test cell can be 
accepted to the active set if the quality factor of the cell is larger tiian 3. 

The current acceptance criterion thus leads to situation where intuitively similar 
10^ situations produce a different acceptance decision. A furtiier problem with the 
acceptance criterion is that for an active set whose cells have the same quality 
factors, from here on called an uniform active set, the acceptance limit is not equal 
to the quality factor. 

The object of the invention is to present a method for determining a candidate cell 
15 for the active set A further object of the invention is to present a method where 
similar active sets and test cells produce tiie same acceptance decision. Further^ it is 
advantageous that the method for determining a candidate cell accepts a cell whose 
quality factor is equal to the quality factor of an uniform active set 

The object of the invention is achieved by selecting the acceptance criterion so that 
20 it is indifferent to tiie absolute values of tiie quality factors. 

A method according to the invention is a metiiod for determining a candidate cell 
for an active set where 

- the quality factor of each cell in die active set is determined, 

- a quality &ctor of a test cell is determined, and 

25 -the test cell is accepted as a candidate cell for the active set if an acceptance 
criterion is fulfilled, and the method is characterized in that the acceptance criterion 
is selected so that for a certain first quality factor of a test cell and for a certain first 
set of quality factors, consisting of quality factors of cells in a first active set, the 
acceptance criterion has the same value as for a certain second quality factor of a 

30 test cell and for a certain second set of quality factors, consisting of quality factors 
of cells in a second active set, when tiie fiirst quality factor is equal to tiie second 
quality factor multiplied with any finite number and tiie first set of quality factors is 
the same as a set formed of the quality factors belongkig to the second set of quality 
factors multiplied with the same finite number. 
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A method according to the invention is a method for determining a cell to be 
removed from the active set, where 

- the quality factor of each cell in the active set is determined, 

- a rejection criterion is evaluated using the cell having the smallest quality factor as 
5 a test cell and a temporary set, which contains the cells of the active set except the 

cell having the smallest quality factor, and 

- the test cell is removed ifrom Ac active set if a rejection criterion is MGlled, and it 
is characterized in that the rejection criterion is selected so that for a certain first 
quality factor of a test cell and for a certain first set of quality factors, consisting of 

10 quality factors of cells m a first temporary set, the rejection criterion has the same 
value as for a certain second quality factor of a test cell and for a certain second set 
of quality factors, consisting of quality factors of cells in a second temporary set, 
when the first quaUty factor is equal to the second quality factor multiplied with any 
finite number and the first set of quality factors is the same as a set formed of tiie 

15 quality factors belongiag to the second set of qxiality factors multiplied with the 
same finite number. 

The invention relates also to an arrangement for determining a candidate cell for an 
active set comprising 

- means for determining a quality factor for a test cell and 

20 -means for determining quality factors for the cells in the active set, which 
arrangement is characterized in that it further comprises 

- means for selecting an acceptance criterion so that for a certain first quality factor 
of a test cell and for a certain first set of quality factors, consisting of quaUty factors 
of cells in a first active set, the acceptance criterion has the same value as for a 

25 certain second quality factor of a test cell and for a certain second set of quality 
factors, consisting of quality factors of cells in a second active set, when the fiarst 
quality factor is equal to the second quality factor multiplied Avith any finite number 
and the first set of quality factors is the same as a set formed of the quality factors 
belonging to the second set of quality factors multiplied witii tiie same fimte number 

30 and 

- means for deciding about the acceptance of the test cell as a candidate cell for the 
active set using the acceptance criterion. 

A mobile station according to the invention comprises 

- means for determining a quality factor for a test cell and 

35 - means for determining quality factors for the cells in the active set, and it is 
characterized in that it fimher comprises 
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- means for selecting an acceptance criterion so that for a certain first quality factor 
of a test cell and for a certain first set of quality factors, consisting of quality factors 
of cells in a first active set, the acceptance criterion has the same value as for a 
certain second quality factor of a test cell and for a certain second set of quality 

5 factors, consisting of quality factors of cells in a second active set, when the first 
quality factor is equal to the second quality factor multiplied with any finite number 
and the first set of quality factors is the same as a set formed of the quality factors 
belonging to the second set of quality factors multiplied with the same finite number 
and 

10 - means for deciding about the acceptance of the test cell as a candidate cell for tiie 
active set using the acceptance criterion. 

The invention relates to a network element comprising 

- means for determining a qu^ty factor for a test cell and 

- means for determining quality factors for the cells in the active set, which network 
15 element is characterized in that it fiulher comprises 

- means for selecting an acceptance criterion so that for a certain first quality factor 
of a test cell and for a certain fiarst set of quality factors, consisting of quality factors 
of cells in a first active se^ the acceptance criterion has the same value as for a 
certain second quality factor of a test cell and for a certain second set of quality 

20 factors, consisting of quality factors of cells in a second active set, when the first 
quality factor is equal to the second quality factor multiplied with any finite mnhber 
and the first set of quality factors is the same as a set formed of the quality factors 
belonging to the second set of quality factors multiplied with the same finite number 
and 

25 - meaiis for deciding about the acceptance of the test cell as a candidate cell for tiie 
active set using the acceptance criterion. 

In a metiiod according to the invention, the quality factors of the cells in the active 
set are determined. Further, the quality factor of a test cell not in the active set but, 
for example, in tiie neighbor list is determined. The choice of tiie quality factors 

30 used in a method according to the invention is not restricted. The tenn accepting a 
test cell as a candidate cell for die active cell refers to a situation, where a mobile 
station or the cellular network notices that a certain cell has good enough quality 
factor, for example, to be added to the active set. The acceptance of a test cell as a 
candidate cell may trigger, for example, the transmission of the transmission quality 

35 reports fi'om a mobile station to the cellular network. Thereafter the cellular network 
may decide whether the active set is modified. 
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In the method according to the invention, die acceptance criterion is selected so that 
it fulfUUs the following condition. The acceptance criterion Q for a test cell having a 
quality factor Pt and for an active set having n cells, whose quality factors are Pi, 
. P2, ..., Pm is G'(P^,P,,P„P3,-)- The value g(P^,P,,P„P3,...) is equal to the value 

5 of acceptance criterion for a test cell having a quality factor oPt and for an active 
set having n cells, whose quality factors are oPi, aP2, . . aP^. Here a is any infinite 
scalar number. The condition for the acceptance criterion can be written as 

Va g(aPy,aP„aP2,aP3,...) = e'(^r.^i,^2»^3>-4 

The quality factor of the test cell and the quality factors of cells in the active set are 
10 not restricted, the condition holds for any values of Pr and Pi, where P, is the quality 
factor of cell / in the active set An example of a acceptance criterion fulfilling the 
condition is the following criterion where geometric mean is employed 

g(P„P„P„...): PT>^^i 
because Q{aPj^aP^yaP^,aP^,..) is 

15 0'(aP„aP.,aP„.,.): aPr > VTI^ 

If for a certain value of Pr, e*(PT,Pi,P2,P3,-..) is true, then Q{aP^,aP^,aP^,aP^,..) is 
also trae. In other words, if a test cell having quality factor Pt is accepted as a 
candidate cell for the active set whose cells have quality factors Pi and P2, a test cell 
having quality factor aPr is accepted as a candidate cell for the active set whose 
20 cells have quality factors oPi and aP2- It is possible to use only some of the quality 
factors of the cells in the active set in the acceptance criterion, but typically the 
quality factors of all cells in tiiie active set are used. 

In one embodiment of the invention said acceptance criterion involves a function, 
whose value depends at least on quality factors of first cells in the active set and on 
25 certain parameter values. Said acceptance criterion procudes a same value for said 
first quality factor of a test cell, said first set of quality factors and first parameter 
values as for said second quality factor of a test cell, said second set of quality 
factors and the same first parameter values, said first parameter values being any 
parameter values. 

30 It may, however, be easier to normalized all the quality factors with a certain 
nimiber and then use the nomialized quality factors. The acceptance decision may, 
for example, be a function having the normalized quality factors as variables. The 
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normalization factor has to be chosen so that its relative value when compared to the 
quality factors of the cells in the active set is same for all active sets. The 
normalization factor may be, for example, the average of the quality factors of the 
cells in the active set 

5 It is also possible to use similar methods when deciding about removing a cell from 
the active set. In this case the cell in tiie active set having the smallest quality factor 
is compared to the rest of the active set Usually the rejection criterion is selected 
somewhat higher than the acceptance criterion, in order to avoid frequentiy 
removing from the active set and adding to the active set a same celL The 

10 acceptance and rejection criterion may employ same mathematical frmction and 
parameters, but the parameter values are selected in a proper way. 

The diversity gain depends on the relative strengths (for example, quality factors) of 
the cells in the active set The main advantage of the method according to tiie 
invention is that the acceptance decision depends on the relative sizes of the quality 
15 factors and does not pay attention only to the absolute values of the quality factors. 
The acceptance decisions thus reflect the changes in tiie div^sity gain. 

A further advantage of the metiiod according to the invention is that when relative 
sizes of the quality factors are used, it is easier to predict how a certain acceptance 
critmon, for example a certain function, behaves. It is enoug^i to study a limited 
20 number of examples when, for example, parameter values for an acceptance 
criterion are selected. Even a further advantage is that tiie current methods for 
determining a candidate cell for the active set can be quite easily updated to a 
method according to tiie invention. No further measurement results, for example, are 
needed that are currently available. 

25 The method according to the invention may be carried out, for example, 
periodically. When a mobile station, for example, detects a new candidate cell for 
tiie active set, it may transmit a request for handover or a request for update of the 
active set to the cellular network. The method according to the invention may also 
be triggered by a certain event, for example, by the update of the neighbor list The 

30 method according to the invention does not specify if the active set is modified after 
finding a candidate cell to the active set 

Further embodiments of the invention are described in the accompanying dependent 
claims. 
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The invention will now be described more in detail with reference to the preferred 
. embodiments by the way of example and to the accompanying drawings where 

Fig. 1 shows a schematic drawing of the radio access network of a cellular 
system, 

5 Fig. 2 shows a flowchart of method according to a first preferred embodiment 
of the invention. 

Fig, 3 shows a flowchart of method according to a second preferred 

embodiment of the invention. 
Fig. 4 shows a flowchart of method according to a third preferred embodiment 
10 of the invention, and 

Fig. 5 shows a schematic drawing of an arrangement, a mobile station and a 

network element that employ a method according to the invention. 

Above in conjmiction with the description of the prior art reference was made to 
Figure 1. The same reference numerals are used for corresponding parts in die 
15 figiires. 

Figure 2 presents a flowchart of a method 200 according to a first preferred 
embodiment of die invention. In step 201 a proper acceptance condition is selected. 
In a method according to the invention, the acceptance criterion has to be of form 
g'(aPr,aP,,aPj,aP3,...) = g(Py,P„P2,P3.-.), where Pi is the quahty factor of cell i in 

20 the active set, Pr is die quality factor of the test cell, and a is a scalar. The 
acceptance criterion can be, for example, that the quality factor of the test cell needs 
to exceed die average of die quality factors of the cells in die active set 

where n is the number of cells in the active set. Linear combinations of the values Pj 
25 and a geometrical mean ^Yl^f examples of functions that can be used in the 
acceptance criterion according to the fiirst preferred embodiment of the invention. 

In step 202 quahty factors for die cells belonging to the active set are determined. 
This may happen, for example, so that a mobile station determines the Ec Ih i^^tio 
for the pilot signals of die cells in the active set. In step 203 die quality factor of a 
30 test cell is determined. The test cell may be, for example a cell in the neighbor list 
that does not belong to the active set If the acceptance criterion is true (step 204), 
and the test cell is accq)ted in step 205 as a candidate cell for the active set If the 
quality factor is not large enough, then the test cell is rejected (step 206). 
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Figure 3 presents a flowchart of a method 300 according to a second preferred 
embodiment of the invention. In tfiis method, the quality factors of the cells in tiie 
active set and the quality factor of the test cell are normalized by dividing them with 
a certain normalization factor The normalization factor has to be chosen for each 

5 active set so that its ratio to tihe quality factors of the cells in tfie active set is the 
same for all active sets, i.e. for an active set having quality factors P^P^^^s*— 
normalization factor is P„ and for an active set having quality factors oP, ^aP^.aP^,... 
the normalization factor is aP„. For example, the average of the quality factors of 
the cells in the active set may be used as a normalizing factor P;^ or the minimum 

10 quality factor or the maximum quality factor of the cells in ihe active set 

The advantage of using normalized quality factors is that the acceptance criterion Q 
may have any fimctional form and it still obeys 2*(^r>^i>^2»^3»— ) = 
(2*(Py ,P,,P2,P3,...). For example, the prior art acceptance limit 

g = max{5. 101og,o(i;i^ ) + 4 ^} 

IS where Sy A and T are parameters can be modified to the following acceptance 
criterion Q 

P 

Q\ 10 logio-^>max^ 

The values for this acceptance criterion are true (when Fj exceeds the condition) 
and false (when Pr does not exceed the condition). 

20 In Figure 3, the flowchart of the method 300 starts with the same steps 201, 202 and 
203 asi method 200. A proper acceptance criterion is selected, the quality factors of 
the cells in the active set and tiie quality factor of the test cell is determined. 
Thereafter, in step 301 these quality factors are nomialized with a normalization 
factor Pi,. The acceptance criterion in step 302 is determmed using die nomialized 

25 quality factors, for example the functional form presented above may be used for Q. 

In step 303 it is checked if the value for the acceptance criterion is true, and if it is 
the test cell is accepted as a candidate cell for the active set in step 205. If the value 
for the acceptance criterion is false, the test cell is rejected in step 206. 

Let us study further the method 300 according to the second preferred embodiment 
30 of the invention and the presented functional form for Q. Consider two active sets 
and the parameter values^ = -6.0 dB, 5 = 2 and r = -6.0 dB. In the first active set 



5 10 log 



+^,r-ioiog,oP, 
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there are two cells whose quality factors are 1 and I, and in the second active set the 
quality factors for the cells in the active set are 3 and 3. Let us choose tiie 
normalizing factor P„ as the average quality factor of the cells in the active set The 
acceptance criterion becomes 

5 Q: 10 logio — > max{0 dB -10.8 dB} = 0 dB 

indicating that in both examples the quality factor of the test cell has to be larger 
than the normalization factor for the test cell to be accepted as a candidate cell for 
die active set 

Let us consider one further example using the same parameter values foxA.S and T. 
10 The active set contains in this case two cells, whose quality factors are Pi = 1 and 
P2 = 3. Let us study the efiect of the normalization factor by trying three 
normalization factors: P„\ == Pmax = 3, P^z = Pave = 2 and P^ = Pniin ~ 1- For the first 
normalization factor the acceptance criterion becomes 

Q\ : 10 log,^, ^ > max(-35 dB,-10.8 dB} = -35 dB => > 0.45P„, = 13. 

15 For the second and third normalization factors the acceptance criteria are 
Q\ : 10 logjo — > max{0 dB,-9 dB) = 0 dB => Pj. > P„2 = 2 and 

p 

Q\: 10 log,o^>max{6dB,-6dB} = 6dB o Pj.>4.0P^=4. 

The choice of the normalization factor thus clearly affects the accqptance criterion. 
When using, for example, the minimum quality factor of &e cells in die active set as 
a normalization factor, the criterion becomes more demanding tfian when, for 
20 example, the maximum quality factor of the cells in the active set is chosen. By 
choosing the normalization factor properly it is thus possible to adjust the behavior 
of a method according to the second preferred embodiment of the invention. When 
using the maximum quality factor in normalization, more cells are accepted as 
candidate ceUs for the active set 

25 Figure 4 presents a flowchart of a method 400 according to a third preferred 
embodinient of the invention. In this metiiod the quality factors of the cells , in the 
active set and the quality factor of the test cell are normalized similarly as in method 
300. Further, in this method the acceptance criterion is adjusted so that in a case, 
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where the active set contains cells which all have the same quality factor, a test cell 
is accepted as a candidate cell for the active set when its quality factor is larger dian 
the quality factor of the cells in the active set 

As an example, let us again consider the acceptance criterion Q 
Q: 10 1og,o^>max|5.101og,o[s^] + ^,r-101^^^^^^ 

When all cells in the active set have the same quality factor /?, the sum of the quality 
factors is equal to np. A test cell having the same quality factor p should fulfill the 
following condition 



10 log,o = maxj^ . 10 log,o ^ + ^ J- 10 log,oP„|. 



10 Further, let us first study parameters A and 5, and choose T thereafter. This results 
inequation 

10 1og,o^ = 5101og,o^+^, 

and the relation between A and S can be written as 
^ = (l-5)-10 log,o^-5-101og,on. 

IS H the normalization factor P„ is the gverage/mflYimnTn/miniirmTn quaUty factor of 
the cells in the active set, for an active set containing cells whose quality factors are 
equal to p the nomialization factor is Pn = p. The relation between v4 and S thus 
becomes 

^ = (1 - ^) • 10 log,, ^-510 log,o/i = -510 log,o«. 
P 

20 If the normalization factor is not equal to p for an active set whose cells all have 
quality factor /?, the first term also contributes to the relation. For example, if the 
number of cells in the active set is two (i.e. n = 2), the relation between the 
parameter values is A = -3«5. When « = 3, the relation is ^ = -4.8iS. The value for 
parameter T can be chosen so that T < 0. 
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In method 400 in Figure 4, after the acceptance criterion has been selected in step 
201 the number of cells in the active set is determined in step 401. In step 402 the 
acceptance criterion is adjusted for an uniform active set, where all cells have the 
same quality factor p similarly as explained above. The acceptance criterion may 
5 depend at least on the number of cells in the active set and on the choice of the 
normalization factor. After the acceptance criterion has been adjusted, the method 
400 continues similarly as method 300 firom step 202 onwards. 

Figure 5 present an arrangement 500, a mobile station 510 and a network element 
520 where a method according to the invention is implemented. The arrangement 

10 for determining a candidate cell for the active set comprises a test cell block 501, 
where the quality factor for a test cell is determined. It also comprises an active set 
block 502, where the quality factors for the cells belonging to the active cell are 
determined It is advantageous to measure the quality factors of &e cells belonging 
to the active set each time the quality factors are needed, but it is also possible to 

15 store the values in memory and update them, for example, periodically. 

The arrangement 500 further comprises an acceptance criterion block 503, where 
the acceptance criterion is selected and possible adjusted. In the decision block 504 
the quality factors of the test cell and of the cell belonging to the active set are used 
to evaluate the acceptance criterion. The blocks may be implemented, for example, 
20 usiQg microprocessors and proper program code. 

Figure 5 shows how tiie block of the arrangement may be located to more than one 
device. In Figure 5, the mobile station 510 comprises block 501 and 502, i-e. it 
determines the quality factors for the cells in the active set and for the test ceU. It 
may, for example, measure the £'c/^ ratio of the pilot signals of neighboring cells. 
25 The measurement results may be transferred to a network element 520 of the 
cellular network. This network element may be in charge of determining if the test 
cell is accepted as a candidate cell for the active set 

It is also possible that a mobile station comprises &e whole arrangement 500, and 
when it detects a candidate cell for the active set, it informs the cellular network 
30 about the candidate cell and possibly about the quality factor of the candidate cell 
and about the quality factors of the cells in the active set When selecting the cells 
for the active set in the uplink direction, a network element 520 may comprise the 
whole arrangement 500. 
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Claims 

1. A mefliod (200, 300, 400) for detennimiig a candidate cell for an active set, 
where 

- the quality factor of each cell in the active set is determined (202), 
5 - a quality factor of a test cell is determined (203), and 

- the test cell is accepted (205) as a candidate cell for the active set if an acceptance 
criterion is MGUed, characterized in that the acceptance criterion is selected (201) 
so that for a certain first quality factor of a test cell and for a certain first set of 
quality factors, consisting of quality factors of cells in a first active set, the 

10 acceptance criterion has the same value as for a certain second quality factor of a 
test cell and for a certain second set of quality factors, consisting of quaUty factors 
of cells in a second active set, when the first quality factor is equal to the second 
quality factor multiplied with any finite number and the first set of quality factors is 
the same as a set formed of the quality factors belonging to the second set of quality 

15 factors multiplied with ^e same finite number. 

2. A method according to claim 1, characterized in that said acceptance criterion 
involves a fimction, whose value depends at least on quality factors of first cells in 
the active set and on certain parameter values, and in that said acceptance criterion 
procudes a same value for said first quality factor of a test cell, said first set of 

20 quality factors and first parameter values as for said second quality factor of a test 
cell, said second set of quality factors and said first parameter values, said first 
parameter values being any parameter values. 

3. A method (300, 400) according to claim 1, characterized in that 

- the quality factor of the test cell and the quality factors of the cells in the active set 
25 are normalized (301) with a number having a certain relative value compared to tilie 

values of the quality factors of the cells in the active set, 

- a value for the acceptance criterion is determined (302) using ttie normalized 
quality factors of the ceUs in the active set and the normalized quality factor of the 
test cell and 

30 - the test cell is accepted (303, 205) as a candidate cell, if the acceptance criterion is 
fiimUed. 

4: A method (300, 400) according to claim 3, characterized in that the quality 
factors are normalized using the largest quality factor of the quality factors of ^e 
cells in the active set. 
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5. A method (300, 400) according to claim 3, characterized in that the quality 
factors are normalized using the smallest quality factor of the quality factors of the 
cells in the active set 

6. A method (300, 400) according to claim 3, characterized in that the quahty 
5 factors are normalized using the average quality factor of the quaUty factors of the 

cells in the active set. 

7. A method (400) according to claim 1, characterized in that the acceptance 
criterion is adjusted (402) so that for an active set where all tihe cells have a certain 
quaUty factor the acceptance criterion is that certain quality factor. 

10 8. A method according to claim 1, characterized in that the method is executed 
periodically. 

9. A method according to claim 1, characterized in that the method is triggered 
by a certain event 

10. A method according to claim 1, characterized in that the candidate cell is 
15 added to the active set 

11. A metiiod accorduig to claim 1, characterized in that the cell having tiie worst 
quality factor in the active set is replaced with the candidate cell. 

12. A method for determining a cell to be removed from the active set, where 

- the quality factor of each cell in the active set is determined, 

20 - a rejection criterion is evaluated using the cell having the smallest quaUty factor as 
a test cell and a temporary set, which contaias the cells of die active set except flie 
cell having the smallest quaUty factor, and 

- the test cell is removed from the active set if a rejection criterion is frilfiUed, 
characterized in that tiie rejection criterion is selected so that for a certain first 

25 quaUty factor of a test cell and for a certain first set of quaUty factors, consisting of 
quality factors of ceUs in a first temporary set, the rejection criterion has the same 
value as for a certain second quaUty factor of a test cell and for a cert^ second set 
of quality factors, consisting of quality factors of ceUs in a second temporary set, 
when the first quality factor is equal to the second quaUty factor multipUed with any 

30 finite number and the first set of quaUty factors is the same as a set formed of the 
quaUty factors belongrog to the second set of quaUty factors multipUed with the 
same finite munber. 
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13. A method according to claim 12, characterized in that said rejection criterion 
involves a function, whose value depends at least on quality factors of first cells in 
the active set and on certain parameter values, and in that said rejection criterion 
procudes a same value for said first quality factor of a test cell, said first set of 

5 quality factors and first parameter values as for said second quality factor of a test 
cell, said second set of quality factors and said first parameter values, said first 
parameter values being any parameter values. 

14. An arrangement (500) for determining a candidate cell for an active set 
comprising 

10 - means (501) for determining a quality factor for a test cell and 

- means (502) for determining quality factors for the cells in the active set, charac- 
terized in that it fiuther comprises 

- means (503) for selecting an acceptance criterion so that for a certain first quahty 
factor of a test cell and for a certain first set of quahty factors, consisting of quahty 

15 factors of cells in a first active set, the acceptance criterion has the same value as for 
a certain second quality factor of a test cell and for a certain second set of quality 
factors, consisting of quality factors of cells in a second active set, when the first 
quaUty factor is equal to the second quahty factor multipUed with any finite number 
and the first set of quality factors is the same as a set formed of iht quality factors 

20 belonging to the second set of quality factors multipUed with the same finite number 
and 

- means (504) for deciding about the acceptance of the test cell as a candidate cell 
for the active set using the acceptance criterion. 

15. An arrangement according to claim 14, characterized in that said acceptance 
25 criterion involves a function, whose value depends at least on quaUty factors of first 

cells ia the active set and on certain parameter values, and in that said acceptance 
criterion procudes a same value for said first quaUty factor of a test cell, said first 
set of quaUty £ictors and first parameter values as for said second quaUty factor of a 
test cell, said second set of quaUty factors and said first parameter values, said first 
30 parameter values being any parameter values. 

16. A mobile station (510) comprising 

- means (501) for determining a quaUty factor for a test ceU and 

- means (502) for detennining quaUty factors for the ceUs in the active set, charac- 
terized in that it further comprises 

35 - means (503) for. selecting an acceptance criterion so that for a certain first quaUty 
factor of a test ceU and for a certain filrst set of quahty factors, consisting of quaUty 
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factors of cells in a first active set, the acceptance criterion has the same value as for 
a certain second quality factor of a test cell and for a certain second set of quality 
factors, consisting of quality factors of cells in a second active set, when die first 
quality factor is equal to the second quality factor noiultiplied with any finite number 
S and the first set of quality factors is die same as a set formed of die quality factors 
belonging to die second set of quality factors multiplied with the same finite number 
and 

- means (504) for deciding about die acceptance of the test cell as a candidate cell 
for the active set using the acceptance criterion. 

10 17. A mobile station according to claim 16, characterized in that said acceptance 
criterion involves a fimction, whose value depends at least on quality factors of first 
cells in the active set and on certain parameter values, and in that said acceptance 
criterion procudes a same value for said first quality factor of a test cell, said first 
set of quality factors and first parameter values as for said second quality factor of a 

15 test cell, said second set of quality factors and said first parameter values, said Gist 
parameter values bemg any parameter values. 

18. A mobile station according to claim 16, characterized in that it is a mobile 
station of an Universal Mobile Communication System. 

19. A network element (520) comprising 

20 - means (501) for determining a quality factor for a test cell and 

- means (502) for determining quality factors for the ceUs in the active set, charac- 
terized in that it furdier comprises 

- means (503) for selecting an acceptance criterion so that for a certain first quality 
factbr of a test cell and for a cataia first set of quality factors, consisting of quality 

25 factors of cells in a first active set, the acceptance criterion has the same value as for 
a certain second quality factor of a test cell and for a certain second set of quality 
factors, consisting of quality factors of cells in a second active set, when die first 
quality factor is equal to the second quality factor multiplied widi any finite number 
and the first set of quality factors is the same as a set formed of the quality factors 

30 belonging to die second set of quaUty factors multiplied with die same finite number 
and 

- means (504) for deciding about the acceptance of the test cell as a candidate cell 
for the active set using the acceptance criterion. 
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20. A network element according to claim 19, characterized in that it is a network 
element of the radio access network of the Universal Mobile Commmiication 
System, 

21. A network element according to claim 20, characterized in that it is a Radio 
Network Controller. 

22. A network element according to claim 19, characterized in that said 
acceptance criterion involves a function, whose value depends at least on quality 
factors of first cells in the active set and on certain parameter values, and in that said 
acceptance mterion procudes a same value for said first quality factor of a test ceU, 
said first set of quality factors and first parameter values as for said isecond quality 
factor of a test cell, said second set of quality factors and said first parameter values^ 
said first parameter values being any parameter values. 
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Our Ref.: BP100152/SKU/MM 
REPLY TO WRITTEN OPINION 

INTERNATIONAL PATENT APPLICATION NO. PCT/FI06/00796 
APPLICANT: NOKIA NETWORKS OY 

In response to the Written Opinion the claims are amended and the following is 
respectfully presented. 
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The enclosed independent claims'are amended to specify that the 
acceptance/rejection criterion defines a value for a limit (i.e. a threshold) for 
accepting/rejecting a test cell. Support for this amendment is found in the 
description e.g. on page 3, lines 11 and 16-17. 

The wording of the characterizing part of an independent claim is further 
clarified to reflect the fact that the acceptance/rejection criterion is such that the 
limit (or threshold) value depends on the relative value of the quality factor of 
the test cell with respect to the quality factors in the active/temporary set. 
Support for this modification is found in the description for example on page 7, 
lines 17-20. 

The two-pait form of the independent claims reflects the prior art, and the 
characterizing portion defines the invention. 

Various acceptance/rejection criteria have been suggested; the present 
application, for example, refers to CDMA2000 RTT standard and document 
Dl refers to IS-95 A standard. The criteria disclosed in these standards are 
clearly different from the one specified in the independent claims, although 
CDMA2000 RTT standard does appreciate a criterion dependent on the quality 
of all the cells in the active set. 

Applicant therefore respectfully argues that the Examiner simplifies the 
problem of selecting a proper criteria, which on one hand minimizes the 
number of required base stations transmitting redundant information and on the 
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Other hand guarantees the quality of the connection for a mobile station. The 
fact that various standards have suggested other criteria supports the applicant's 
view that the criteria in specified in the characterizing portion of the 
independent claims is inventive. 

A reconsideration of the statement regarding the inventive step in the Written 
Opinion is therefore respectfully requested. 

It is not straightforward to combine claims 1 and 12 into a single independent 
method claim, as in claim 1 the test cell is one of the cells in the active set ancl 
in claim 12 it is not. Furthemioie, as the opening parts of the claims 1 and 12 
clearly describe the methods specified in the claims, the applicant wishes to 
retain the two method claimis. 

Claim 16 relates to a mobile station and Claim 19 to a network element. '.. 
Applicant is of the opinion that it is not evident that term "network element** > 
covers a niobile station, and therefore wishes to retain* both independent device 
claims. 

Claim 14 defines an arrangement, which may be implemented partly in a 
network element and partly in a mobile station. The scope of protection is thus 
different from those provided by either claim 16 or claim 19. 

The reference signs 1 1 la, 1 1 lb and 1 1 Ic have been removed from the 
description on page 2, line 4. The description is brought into conformity with 
the amended claims (replacement pages 4-6 and 6a). An evident mistake is 
further corrected on replacement page 7, line 6; support for the correction are 
all other references to the scalar a or to a/the finite number in the description 
and claims. 

No other amendments than the ones specified above have been made to the 
description. 

Should the Examiner have any concerns with the present application, a further 
opportunity to submit amendments or arguments (Rule 66.4(b) PCT) is kindly 
requested to be given to the Applicant, preferably in the form of a further 
Written Opinion. 



BERGGREN OY AB 



SirpaKuisma 
Patent Attorney 




End. replacement pages 2, 4-6. 6a, 7, 14-18 
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Figure 1 presents a schematic drawing of a ceUular network which comprises base 
stations 101a, 101b and 101c. In Figure 1, these base stations are all connected to a 
single radio network controller 102 and each base station is in the middle of a celL 
Figure 1 presents one mobile station 110. The base stations transmit downlink data 
5 to mobile stations (arrows 120a, 120b and 120c) and receive uplink data from 
mobile stations (arrows 121a, 121b and 121c). 

In general a base station may comprise many transmitters, each of which transmit a 
separate radio signal. In systems employing CDMA methods, the transmitters may 
use different spreading codes. Here term cell is used to refer either to a base station 
10 or, if a base station comprises many transmitters, to a transmitter. In a situation 
where a mobile station receives good quality downlink transmissions from many 
cells, it has to be decided which cell a certain mobile station communicates with. 

Usually the cellular network informs the mobile station of the possible cells, for 
example, selected based on the location of the mobile station. The information about 

15 the nearest cells is called neighbor list. In a cellular network which employs CDMA 
methods, the neighbor list may comprise the downlink spreading codes of the cells. 
By taking the spreading codes listed in the neighbor list into use, the mobile station 
may separate the data flows sent to it from each cell from the radio signal it 
receives. The neighbor list of the mobile station 110 may comprise, for example, the 

20 cells corresponding to base stations 101a, 101b and 101c, assuming that a base 
station corresponds to one cell. 

Usually a pilot signal is transmitted in each cell. This pilot signal carries no 
changing data, so it can be quite straightforwardly used in estimating the quality of 
the downlink radio transmission of a certain cell. A mobile station may, for 
25 example, estimate the quality of the radio transmission of all the cells in the 
neighbor list. A suitable p£irameter for quality estimation is, for example in a cellular 
system employing CDMA methods, the Ec/Iq ratio, where Ec is energy per chip and 
lo is the interference. Any other parameter measuring the quality of the signal may 
also be used. 

30 The cells with which a mobile station communicates form the active set of that 
mobile station. A radio network controller, for example, directs the downlink data 
heading to a certain mobile station, to all the cells in the active set. Correspondingly, 
the mobile station listens to the downlink transmissions of all the cells in the active 
set. For example, the cells corresponding to base stations 101a and 101b can form 

35 the active set of the mobile station 1 10. 
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In the second example the active set contains also two cells, and now the quality 
factors are Pi = 3 and P2 = 3. The acceptance limit in this example is Q = 9.5 dB. 
The quality factors of the cells in the active set are 5 dB, so a cell has to have a 
quality factor 4.5 dB higher than the cells in the active set to be accepted to the 
5 active set. Correspondingly, expressed in absolute values, a cell should have a 
quality factor Pq = 9^ to be accepted to the active set. Intuitively, the acceptance 
criterion should also in this second example produce the result that a test cell can be 
accepted to the active set if the quality factor of the cell is larger than 3. 

The current acceptance criterion thus leads to situation where intuitively similar 
situations produce a different acceptance decision, A further problem wiA the 
acceptance criterion is that for an active set whose cells have the same quality 
factors, from here on called an uniform active set, the acceptance limit is not equal 
to the quality factor. 

The object of the invention is to present a method for determining a candidate cell 
15 for the active set. A further object of the invention is to present a method where 
similar active sets and test cells produce the same acceptance decision. Further, it is 
advantageous that the method for determining a candidate cell accepts a cell whose 
quality factor is equal to the quality factor of an uniform active set. 

The object of the invention is achieved by selecting the acceptance criterion so that 
20 it is indifferent to the absolute values of the quality factors. 

A method according to the invention is a method for determining a candidate cell 
for an active set, where 

- the quality factor of each cell in the active set is determined, 

- a quality factor of a test cell is determined, and 

25 - the test cell is accepted as a candidate cell for the active set, if an acceptance 
criterion, which defines a value for a limit for accepting a test cell, is fulfilled, 
and the method is characterized in that such an acceptance criterion is selected that a 
first limit value is equal to a second limit value multiplied with a finite number, 
wherein said first limit value is for a certain first quality factor of a test cell and for a 

30 certain first set of quality factors, consisting of quality factors of cells in a first 
active set, said second limit value is for a certain second quality factor of a test cell 
and for a certain second set of quality factors, consisting of quality factors of cells in 
a second active set, and the first quality factor is equal to the second quality factor 
multiplied with the same finite number and the first set of quality factors is the same 




m 



as a set formed of the quality factors belonging to the second set of quality factors 
multiplied with the same finite number. 

A method according to the invention is a method for determining a cell to be 
removed from the active set, where 
5 - the quality factor of each cell in the active set is determined, 

- a rejection criterion is evaluated using the cell having the smallest quality factor as 
a test cell and a temporary set, which contains the cells of the active set except the 
cell having the smallest quality factor, and 

- the test cell is removed from the active set, if a rejection criterion, which defines a 
10 value for a limit for rejecting a test cell, is fulfilled, 

and it is characterized in that such a rejection criterion is selected that a first limit 
value is equal to a second limit value multiplied with a finite number, wherein said 
first limit value is for a certain first quality factor of a test cell and for a certain first 
set of quality factors, consisting of quality factors of cells in a first temporary set, 

15 said second limit value is for a certain second quality factor of a test cell and for a 
certain second set of quality factors, consisting of quality factors of cells in a second 
temporary set, and the first quality factor is equal to the second quality factor 
multiplied with the same finite number and the first set of quality factors is the same 
as a set formed of the quality factors belonging to the second set of quality factors 

20 multiplied with the same finite number. 

The invention relates also to an arrangement for determining a candidate cell for an 
active set comprising 

- means for determining a quality factor for a test cell and 

- means for determining quality factors for the cells in the active set, which 
25 arrangement is characterized in that it further comprises 

- means for selecting such an acceptance criterion, which defines a value for a limit 
for accepting a test cell, that a first limit value is equal to a second limit value 
multiplied with a finite number, wherein said first limit value is for a certain first 
quality factor of a test cell and for a certain first set of quality factors, consisting of 

30 quality factors of cells in a first active set, the second limit value is for a certain 
second quality factor of a test cell and for a certain second set of quality factors, 
consisting of quality factors of cells in a second active set, and the first quality 
factor is equal to the second quality factor multiplied with the same finite number 
and the first set of quality factors is the same as a set formed of the quality factors 

35 belonging to the second set of quality factors multiplied with the same finite number 
and 
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- means for deciding about the acceptance of the test cell as a candidate cell for the 
active set using the acceptance criterion, 

A mobile station according to the invention comprises 

- means for determining a quality factor for a test cell and 

5 -means for determining quality factors for the cells in the active set, and it is 
characterized in that it further comprises 

- means for selecting such an acceptance criterion, which defines a limit for 
accepting a test cell, that a first limit value is equal to a second limit value 
multiplied with a finite number, wherein said first limit value is for a certain first 

10 quality factor of a test cell and for a certain first set of quality factors, consisting of 
quality factors of cells in a first active set, the second limit value is for a certain 
second quality factor of a test cell and for a certain second set of quality factors, 
consisting of quality factors of cells in a second active set, and the first quality 
factor is equal to the second quality factor multiplied with the same finite number 

15 and the first set of quality factors is the same as a set formed of the quality factors 
belonging to the second set of quality factors multiplied with the same finite number 
and 

- means for deciding about the acceptance of the test cell as a candidate cell for the 
active set using the acceptance criterion. 

20 The invention relates to a network element comprising 

- means for determining a quality factor for a test cell and 

- means for determining quality factors for the cells in the active set, which network 
element is characterized in that it further comprises 

- means for selecting such an acceptance criterion, which defines a value for a limit 
25 for accepting a test cell, that a first limit value is equal to a second limit value 

multiplied with a fmite number, wherein said fu-st limit value is for a certain furst 
quality factor of a test cell and for a certain first set of quality factors, consisting of 
quality factors of cells in a first active set, said second limit value is for a certain 
second quality factor of a test cell and for a certain second set of quality factors, 
30 consisting of quality factors of cells in a second active set, and the first quality 
factor is equal to the second quality factor multiplied with the same finite number 
and the first set of quality factors is the same as a set formed of the quality factors 
belonging to the second set of quality factors multiplied with the same finite number 
and 

35 - means for deciding about the acceptance of the test cell as a candidate cell for the 
active set using the acceptance criterion. 
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In a method according to the invention, the quality factors of the cells in the active 
set are determined. Further, the quality factor of a test cell not in the active set but, 
for example, in the neighbor list is determined. The choice of the quality factors 
used in a method according to the invention is not restricted. The term accepting a 
test cell as a candidate cell for the active cell refers to a situation, where a mobile 
station or the cellular network notices that a certain cell has good enough quality 
factor, for example, to be added to the active set. The acceptance of a test cell as a 
candidate cell may trigger, for example, the transmission of the transmission quality 
reports from a mobile station to the cellular network. Thereafter the cellular network 
may decide whether the active set is modified. 
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In the method according to the invention, the acceptance criterion is selected so that 
it fulfills the following condition. The acceptance criterion Q' for a test cell having a 
quality factor Pr and for an active set having n cells, whose quality factors are Pu 
^2. ...»Pn, is QXPr.P,.P..Py...).Thtvdl\xt Q:{P^,P,,P,,P^,..) is equal to the value 

5 of acceptance criterion for a test cell having a quality factor aPj and for an active set 
having n cells, whose quality factors are aPx, aP2, . . ., aPn. Here a is any finite scalar 
number. The condition for the acceptance criterion can be written as 

Va e'(a/V ,a/> .aP^ ,0^3 . .) = Q^P^ , . . P3 ,. . 

The quality factor of the test cell and the quality factors of cells in the active set are 
10 not restricted, the condition holds for any values of Ft and P„ where P,- is the quality 
factor of cell i in the active set An example of a acceptance criterion fulfilling the 
condition is the following criterion where geometric mean is employed 

because Q^aPj^.aP^.aP^.aP^,...) is 
15 QiaP^.aP,.aP,....): aPr>^^Y[aP, = V^VTI^ = ^VlT^- 

If for a certain value of Pr, Gt^r'^i»^2»^3--) is true, tiien G'(aPr,aP,,aP2,aP3,...) is 
also true. In other words, if a test cell having quality factor Pr is accepted as a 
candidate cell for the active set whose cells have quality factors Pi and P2, a test cell 
having quality factor aPj is accepted as a candidate cell for the active set whose 
20 cells have quality factors aPi and aP2. It is possible to use only some of the quality 
factors of the cells in the active set in the acceptance criterion, but typically the 
quality factors of all cells in the active set are used. 

In one embodiment of the invention said acceptance criterion involves a function, 
whose value depends at least on quality factors of first cells in the active set and on 
25 certain parameter values. Said acceptance criterion procudes a same value for said 
first quality factor of a test cell, said first set of quality factors and first parameter 
values as for said second quality factor of a test cell, said second set of quality 
factors and the same first parameter values, said first parameter values being any 
parameter values. 

30 It may, however, be easier to normalized all the quality factors with a certain 
number and then use the normalized quality factors. The acceptance decision may, 
for example, be ^ function having the normalized quality factors as variables. The 
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Claims \ 

1. A method (200, 300, 400) for determining a candidate cell for an active set, 
where 

- the quality factor of each cell in the active set is determined (202), 
5 - a quality factor of a test cell is determined (203), and 

- the test cell is accepted (205) as a candidate cell for the active set, if an acceptance 
criterion, which defines a value for a limit for accepting a test cell, is fulfilled, 
characterized in that such aii acceptance criterion is selected (201) that a first limit 
value is equal to a second limit value multiplied with a finite number, wherein said 

10 first limit value is for a certain first quality factor of a test cell and for a certain first 
set of quality factors, consisting of quality factors of cells in a first active set, said 
second limit value is for a certain second quality factor of a test cell and for a certain 
second set of quality factors, consisting of quality factors of cells in a second active 
set, and the first quality factor is equal to the second quality factor multiplied with 

15 the same finite number and the first set of quality factors is the same as a set formed 
of the quality factors belonging to the second set of quality factors multiplied with 
the same finite number. 

2. A method according to claim 1, characterized in that said acceptance criterion 
involves a function, whose value depends at least on quality factors of first ceUs in 

20 the active set and on certain parameter values, and in that said acceptance criterion 
produces a first limit value for said first quality factor of a test cell, said first set of 
quality factors and first parameter values, which first limit value is equal to a 
second limit value multiplied with the finite number, said second limit value being 
for said second quality factor of a test cell, said second set of quality factors and said 

25 first parameter values, said first parameter values being any parameter values. 

3. A method (300, 400) according to claim 1, characterized in that 

- the quality factor of the test cell and the quality factors of the cells in the active set 
are normalized (301) with a number having a predefined relative value compared to 
the values of the quality factors of the cells in the active set, 

30 - a value for the limit is determined (302) using the normalized quality factors of the 
cells in the active set and the normalized quality factor of the test cell and 
• the test cell is accepted (303. 205) as a candidate cell, if the acceptance criterion is 
fulfilled. 
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4. A method (300, 400) according to claim 3, characterized in that the quality 
factors are normalized using the largest quality factor of the quality factors of the 
cells in the active set, 

5. A method (300, 400) according to claun 3, characterized in that the quality 
5 factors are normalized using the smallest quality factor of the quality factors of the 

cells in the active set. 

6. A method (300, 400) according to claim 3, characterized in that the quality 
factors are normalized using the average quality factor of the quality factors of the 
cells in the active set, 

7. A method (400) according to claim 1, characterized in that the acceptance 
criterion is such that for an active set where all the cells have a certain quality factor 
the limit is that certain quality factor. 

8. A method according to claim 1, characterized in that the method is executed 
periodically. 

15 9. A method according to claim 1, characterized in that the method is triggered 
by a certain event. 

10. A method according to claim 1, characterized in that the candidate cell is 
added to the active set. 

11. A method according to claim 1, characterized in that the cell having the worst 
20 quality factor in the active set is replaced with the candidate cell. 

12. A method for determining a ceU to be removed from the active set, where 

- the quality factor of each cell in the active set is determined, 

- a rejection criterion is evaluated using the cell having the smallest quality factor as 
a test cell and a temporary set, which contains the cells of the active set except the 

25 cell having the smallest quality factor, and 

- the test cell is removed from the active set, if a rejection criterion, which defines a 
value for a limit for rejecting a test cell, is fulfilled, characterized in that such a 
rejection criterion is selected that a first limit value is equal to a second limit value 
multiplied with a finite number, wherein said first limit value is for a certain first 

30 quality factor of a test cell and for a certain first set of quality factors, consisting of 
quality factors of cells in a first temporary set, the second limit value is for a certain 
second qualit>- factor of a test cell and for a certain second set of quality factors. 
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consisting of quality factors of cells in a second temporary set, and the first quality 
factor is equal to the second quality factor multiplied with the same finite number 
and the first set of quality factors is the same as a set formed of the quality factors 
belonging to the second set of quality factors multiplied with the same finite 
number. 

13. A method according to claim 12, characterized in that said rejection criterion 
involves a function, whose value depends at least on quality factors of first cells in 
the temporary set and on certain parameter values, and in that said rejection criterion 
produces a first limit value for said first quality factor of a test cell, said first set of 
quality factors and first parameter values, which first limit value is equal to a second 
limit value multiplied with the same finite number, the second limit value being for 
said second quality factor of a test cell, said second set of quality factors and said 
first parameter values, said first parameter values being any parameter values. 

14. An arrangement (500) for determining a candidate cell for an active set 
comprising 

- means (501) for determining a quality factor for a test cell and 

- means (502) for determining quality factors for the cells in the active set, charac- 
terized in that it further comprises 

- means (503) for selecting such an acceptance criterion, which defines a value for a 
limit for accepting a test cell, that a first limit value is equal to a second limit value 
multiplied with a finite number, wherein said fu-st limit value is for a certain first 
quality factor of a test cell and for a certain first set of quality factors, consisting of 
quality factors of cells in a first active set, the second limit value is for a certain 
second quality factor of a test cell and for a certain second set of quality factors, 
consisting of quality factors of cells in a second active set, and the first quality 
factor is equal to the second quality factor multiplied with the same finite number 
and the fu-st set of quality factors is the same as a set formed of the quality factors 
belonging to the second set of quality factors multiplied with the same finite number 
and 

- means (504) for deciding about the acceptance of the test cell as a candidate cell 
for the active set. using the acceptance criterion. 

15. An arrangement according to claim 14, characterized in that said acceptance 
criterion involves a function, whose value depends at least on quality factors of first 
cells in the active set and on certain parameter values, and in that said acceptance 
criterion produces a first limit value for said first quality factor of a test cell, said 
first set of quality factors and first parameter values, which furst limit value is equal 
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to a second limit value multiplied with the finite number, the second limit value 
being for said second quality factor of a test cell, said second set of quality factors 
and said first parameter values, said first parameter values being any parameter 
values. 

5 16, A mobile station (510) comprising 

- means (501) for determining a quality factor for a test cell and 

- means (502) for determining quality factors for the cells in the active set, charac- 
terized in that it further comprises 

- means (503) for selecting such an acceptance criterion, which defines a limit for 
10 accepting a test cell, that a first limit value is equal to a second limit value 

multiplied with a finite number, wherein said first limit value is for a certain first 
quality factor of a test cell and for a certain first set of quality factors, consisting of 
quality factors of cells in a first active set, the second limit value is for a certain 
second quality factor of a test cell and for a certain second set of quality factors, 
15 consisting of quality factors of cells in a second active set, and the first quality 
factor is equal to the second quality factor multiplied with the same finite number 
and the first set of quality factors is the same as a set formed of the quality factors 
belonging to the second set of quality factors multiplied with the same finite number 
and 

20 - means (504) for deciding about the acceptance of the test cell as a candidate cell 
for the active set using the acceptance criterion. 

17. A mobile station according to claim 16, characterized in that said acceptance 
criterion involves a function, whose value depends at least on quality factors of first 
cells in the active set and on certain parameter values, and in that said acceptance 

25 criterion produces a first limit value for said first quality factor of a test ceU, said 
first set of quality factors and first parameter values, which first limit value is equal 
to a second limit value multiplied with the finite number, the second limit value 
being for said second quality factor of a test cell, said second set of quality factors 
and said fu-st parameter values, said first parameter values being any parameter 

30 values. 

18. A mobile station according to claim 16, characterized in that it is a mobile 
station of an Universal Mobile Communication System. 

19. A network element (520) comprising 

- means (501) for determining a quality factor for a test cell and 
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- means (502) for determining quality factors for the cells in the active set, charac- 
terized in that it further comprises 

- means (503) for selecting such an acceptance criterion, which defines a value for a 
limit for accepting a test cell, that a first limit value is equal to a second limit value 

5 multiplied with a finite number, wherein said first limit value is for a certain first 
quality factor of a test cell and for a certain first set of quality factors, consisting of 
quality factors of cells in a first active set, said second limit value is for a certain 
second quality factor of a test cell and for a certain second set of quality factors, 
consisting of quality factors of cells in a second active set, and the first quality 
10 factor is equal to the second quality factor multiplied with the same finite number 
and the first set of quality factors is the same as a set formed of the quality factors 
belonging to the second set of quality factors multiplied with the same finite number 
and 

- means (504) for deciding about the acceptance of the test cell as a candidate cell 
15 for the active set using the acceptance criterion. 

20. A network element according to claun 19, characterized in that it is a network 
element of the radio access network of the Universal Mobile Communication 
System. 

21. A network element according to claim 20, characterized in that it is a Radio 
. 20 Network Controller. 

22. A network element according to claim 19, characterized in that said 
acceptance criterion involves a function, whose value depends at least on quality 
factors of first cells in the active set and on certain parameter values, and in that said 
acceptance criterion produces a first limit value for said first quality factor of a test 

25 cell, said first set of quality factors and first parameter values, which first limit value 
is equal to a second limit value multiplied with the finite number, the second hmit 
value being for said second quality factor of a test cell, said second set of quality 
factors and said first parameter values, said first parameter values being any 
parameter values. 
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□ no international search report has been established for the said claims Nos. . 

2. A meaningful intemational preliminary examination cannot be carried out due to the failure of the nucleotide 
and/or amino acid sequence listing to comply with the standard provided for in Annex C of the Administrative 
Instructions: 

□ the written fomn has not been furnished or does not comply with the standard. 

□ the computer readable form has not been furnished or does not comply with the standard. 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 



because: 
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Inventive step (IS) 


Yes: 


Claims 






No: 


Claims 


1,12,14.16,19 


Industrial applicability (lA) 


Yes: 


Claims 


1-22 




No: 


Claims 





2. Citations and explanations 
see separate sheet 

VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
see separate sheet 
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JL Concerning Item I 

Basis of the opinion 

Reference is made to the following document: 
D1: WO-A1 -9904593 

2. Concerning Item III 

Non-establishment of opinion with regard to novelty, inventive step and 
industrial applicability 

The present set of claims comprises two groups of independent claims on the same 
category (claims 1 and 12 and claims 14, 16 and 19, respectively) of overlapping and 
unclear scope (see item VIII) which makes practically impossible to carry out a 
complete examination with respect to novelty and inventive step of all claims. 

3. Concerning Item V 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 

3.1 Despite of what is discussed in sections Hi and VIII, the examiner will, as a service 
to the applicant, now give an opinion on independent claims 1, 12, 14, 16 and 
19- 

3.2 The document D1 is regarded as being the closest prior art to the subject-matter 
of claim 16, and insofar as this claim can be understood (see Section VIII), this 
document shows the following features thereof (the references in parentheses 
applying to this document): 

(i) A mobile station (see D1 , page 4, line 37: "At the mobile station ..."^ 
comprising: 
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(ii) means for determining a quality factor for a test cell (see D1 , page 4, line 16- 
1 7: " means for determining power in the received sianals.., ") and 

(iii) means for determining quality factors for the cells in the active set (see D1 , 
page 5, lines 1-3: "... which is the sum of the eneroies of the pilots in the 
active set ."), characterised in that it further comprises 

(iv) means for selecting an acceptance criterion (see D1 , page 5, lines 3-8 : "... 
the optimum value of this threshold is determined bv the mobile station 
itself ...") and 

(v) means for deciding about the acceptance of the test cell as a candidate cell 
for the active set using the acceptance criterion (see D1 , page 5, lines 6-8: 
" If the strongest pilot in the candidate set satisfies this threshold condition, it 
is added to the revised active set ,.."). 



The subject-matter of claim 16 differs from D1 only in that in claim 16 a specific 
ratio between the first quality factor and the second quality factor is used (claim 
16, lines 15-16 at page 17: "and the first quality factor is equal to the second 
quality factor multiplied with the same finite number") as well as the same specific 
ratio is disclosed between the quality factors grouped in a first and in a second set 
(claim 16, lines 17-18 at page 17: "the first set of quality factors is the same as a 
set formed of the quality factors belonging to the second set of quality factors 
multiplied with the same finite number"), which is not explicitly disclosed in D1 . 

It is however generally known to the person skilled in the art, that the feature of 
"the first quality factor being equal to the second quality factor multiplied by any 
finite number" is a commonly used direct ratio relation between quality factors, 
and that relation is also valid for the cells forming a set and not only for a single 
test cell. 

Thus, the subject-matter of claim 16 lacks an inventive step and does not meet 
the requirements of Article 33(3) PCT. 
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3.3 Regarding independent clainfis 14 and 19, the fact of including a certain 
arrangement (like the arrangement of claim 14) in a mobile station (claim 16) or in 
a network element (claim 19) is a routine procedure for the person skilled in the 
art and, therefore, doesn't imply any inventive activity. 

Thus, the subject-matter of claims 14 and 19 lacks an inventive step and does 
not meet the requirements of Article 33(3) PCT. 

3.4 Independent claim 1 (method for determining a candidate cell for an active set) 
contains In terms of method features at! the features of claim 16. 

A method for determining a cell to be removed from the active set as in 
independent claim 12 is immediately derivable from D1 (see page 5, lines 9-12: 
"Following the iterative process performed on the members of the candidate set, a 
second iterative process is performed to determine whether a pilot should be 
deleted from the revised active set . In this operation, pilots are tested from the 
weakest member of revised active set to the strongest. A combined pilot energy 
value is computed that is the sum of the energies of all pilots belonging to the 
active set") as it also contains In terms of method features all the features of claim 
16, without implying any inventive activity. 

Therefore, the subject-matter of claims 1 and 12 does not involve an inventive 
step in the sense of Article 33(3) PCT (see point 3.2 above). 

3.5 The present Invention is susceptible of industrial application. Article 33 (4) 
PCT. 



4. Concerning Item VIII 

Certain observations on the international application 

The application does not meet the requirements of Article 6 PCT, because 
independent claims 1, 12, 14, 16 and 19 are not clear for the following reasons: 

4.1 Although claims 1 and 12 and claims 14 and 19 have been drafted as two 
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separate groups of independent claims, these clainns appear to relate effectively 
to the same subject-matter, i.e. to a method and an apparatus for determining a 
candidate cell for an active set, respectively. The claims differ from each other 
only with regard to the definition of the subject-matter for which protection is 
sought. The aforementioned claims therefore lack conciseness. Moreover, lack of 
clarity of the claims as a whole arises, since the plurality of independent claims 
makes it difficult, if not impossible, to determine the matter for which protection is 
sought, and places an undue burden on others seeking to establish the extent of 
the protection. 

4.2 Independent claims 1, 12, 1 4, 16 and 19 are unclear because it is not clear what 
is meant by: "the acceptance criterion is selected that a first limit value..." in case 
of claim 1 , "the rejection criterion is selected that a first limit value..." in case of 
claim 12, and "means for selecting an acceptance criterion, which defines a value 
for a limit for accepting a test cell, that a first limit value ..." in case of claims 14, 16 
and 19. If what was meant was that: "an acceptance criterion is selecte d, in which 
a first limit value...", this should have been specified in the claims. 

4.3 Furthermore, independent claim 1 is also unclear since it is not clear what is 
meant by the terms in line 7: "which defines a value for a limit for accepting a test 
cell...". If what is meant is "which defines a value as a limit for accepting a test 
cell...", this should be specified in the claim. 

Also in claim 1, line 8: "...characterised in that such an acceptance criterion..." 
should read "...characterised in that the acceptance criterion...", as this 
acceptance criterion was already mentioned in line 6: "the test cell is accepted as 
a candidate cell for the active set, if an acceptance criterion...". 

4.4 In claim 16, it is not clear what is meant by: "means for selecting such an 
acceptance criterion...". Since the acceptance criterion has not been mentioned 
previously in the claim, claim 16 should read: "means for selecting an acceptance 
criterion...". 

Hence, claims 1, 12, 14, 16 and 19 do not meet the requirements of Article 6 
PCT. 
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Figure 1 presents a schematic drawing of a ceHular network which comprises base 
stations 101a, 101b and lOlc. In Figure 1, these base stations are all connected to a 
single radio network controller 102 and each base station is in the rbiddle of a celL 
Figure 1 presents one mobile station 110. The base stations transmit downlink data 
5 to mobile . stations (arrows 120a, 120b and 120c) and receive uplink data from 
mobile stations (arrows 121a, 121b and 121c). 

In general a base station may comprise many transmitters, each of which transmit a 
separate radio signal. In systems employing CDMA methods, the transmitters may 
use different spreading codes* Here term cell is used to refer either to a base station 
10 or, if a base station comprises many transnndtters, to a transmitter. In a situation 
where a mobile station receives good quahty downlink transmissions from many 
ceUs, it has to be decided which cell a certain mobile station conmiunicates with. 

. Usually the cellular network informs the mobile station of the possible cells, for 
example, selected based on the location of the mobile station. The information about 

15 the nearest cells is called neighbor list. In a cellular network which employs CDMA 
methods, the neighbor list may comprise the downlink spreading codes of the cells. 
By taking the spreading codes listed in the neighbor list into use, the mobile station 
may separate the data flows sent to it from each cell from the radio signal it 
receives. The neighbor list of the mobile station 110 may comprise, for example, the 

20 cells corresponding to base stations 101a, 101b arid 101c, assuming that a base 
station corresponds to one cell. 

Usually a pilot signal is transnoitted in . each cell. This pilot signal carries no 
changing data, so it can be quite straightforwardly used in estimating the quality of 
the downlink radio transmission of a certain cell. A mobile station may, for 
25 example, estimate the quality of the radio transmission of all the cells in the 
neighbor Ust. A suitable parameter for quality estimation is, for example in a cellular 
system employing CDMA methods, the Ec/Io ratio, where Ec is energy per chip and 
lo is the interference. Any other parameter measuring tlie quality of the signal may. 
also be used. 

30 The cells with which a mobile station communicates form die active set of that 
mobile station. A radio network controller, for example, directs die downlink data 
heading to. a cenain mobile station, to all the cells in the active set. Correspondingly, 
the mobile station listens to the downlink transmissions of all the cells in the active 
ser. For example, the cells corresponding to base stations lOla and 10 lb can form 

35 the active set of the mobile station 110. 
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In the second ex£imple the active set contains also two cells, and now the quality 
factors are Pi = 3 and Pi = 3. The acceptance limit in this example is Q = 9.5 dB. 
The quality factors of the ceUs in the active set are 5 dB, so a cell has to have a 
quality factor 4,5 dB higher than the cells in the active set to be accepted to the 
5 active set. Correspondingly, expressed in absolute values, a cell should have a 
quality factor Pq = 9.5 to be accepted to the active set. Intuitively, the acceptance 
criterion should also in this second example produce the result that a test cell can be 
accepted to the active set if the quality factor of the cell is larger than 3. 

The current acceptance criterion thus leads to situation where intuitively similar 
10 situations produce a different acceptance decision. A further problem with the 
acceptance criterion is that for an active set whose cells have the same quality 
factors, from here on called an uniform active set, the acceptance limit is not equal 
to the quality factor. 

The object of the invention is to present a method for determining a candidate cell 
15 for the active seL A further object of the invention is to present a method where 
similar active sets and test cells produce the same acceptance decision. Further, it is 
advantageous that the method for determining a candidate cell accepts a cell whose 
quality factor is equal to the quality factor of an uniform active set. 

The object of the invention is achieved by selecting the acceptance criterion so that 
20 it is indifferent to the absolute values of the quality factors. 

A method according to the invention is a method for determining a candidate cell 
for an active set, where 

- the quality factor of each cell in the active set is determined, 

- a quality factor of a test cell is determined, and 

25 - tlie test cell is accepted as a candidate cell for the active set, if an acceptance 
criterion, which defines a value for a limit for accepting a test cell, is fulfilled, 
and the method is characterized in that such an acceptance criterion is selected diat a 
first lindt value is equal to a second limit value multiplied with a finite number, 
wherein said first limit value is for a certain first quality factor of a test cell and for a 

30 certain first set of quality factors, consisting of quality factors of cells in a first 
active set, said second limit value is for a certain second quality factor of a test cell 
and for a certain second set of quality factors, consisting of quality factors of cells in 
a second active set, and the first quality factor is equal to the second quaUty factor 
multiplied with the same finite number and the first set of quality factors is the same 
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as a set formed of the quality factors belonging to the second set of quality factors 
multiplied with the same finite number. 

A method according to the invention is a method for determining a cell to be 
removed from the active set, where 
5 - the quality factor of each cell in the active set is determined, 

- a rejection criterion is evaluated using the cell having the smallest quality factor as 
" a test cell and a temporary set, which contains the cells of the active sec except the 

cell having the smallest quality factor, and 

- the test cell is removed from the active set, if a rejection criterion, which defines a 
10 value for a limit for rejecting a test cell, is fulfilled, 

and it is characterized in that such a rejection criterion is selected that a first limit 
value is equal to a second limit value mukiplied with a finite number, wherein said 
first limit value is for a cenain first quality factor of a test cell and for a certain first 
set of quality factors, consisting of quality factors of ceils in a furst temporary set, 

15 said second limit value is for a certain second quality factor of a test cell and for a 
certain second set of quality factors, consisting of quality factors of cells in a second 
temporary set, and the first quality factor is equal to the second quality factor 
multiplied with the same finite number and the first set of quality factors is the same 
as a set formed of the quality factors belonging to the second set of quality factors 

20 multiplied with the same finite number. 

The invention relates also to an arrangement for determining a candidate cell for an 
active set comprising 

- means for determining a quality factor for a test cell and 

-means for determining quality factors for the cells in the active set, which 
23 arrangement is characterized in that it further comprises 

- means for selecting such an acceptance criterion, which defines a value for a limit 
for accepting a test cell, that a first limit value is equal to a second limit value 
muldplied with a finite number, wherein said first limit value is for a cenain first 
quality factor of a test cell and for a certain first set of quality factors, consisting of 

30 quality factors of cells in a first active set, the second limit value is for a certain 
second quality factor of a test cell and for a certain second set of quality factors, 
consisting of quality factors of cells in a second active set, and the first quality 
factor is equal to the second quality factor multiplied with the same finite number 
and the first set of quality factors is the same as a set formed of the quality factors 

35 belonging to the second set of quality factors multiplied with the same finite number 
and 
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- means for deciding about the acceptance of the test cell as a candidate cell for the 
active set using the acceptance criterion. 

A mobile station according to the invention comprises 

- means for determining a quality factor for a test cell and 

5 - means for determining quaHiy factors for the cells in the active set, and it is 
characterized in that it further comprises 

-means for selecting such an acceptance criterion, which defines a limit for 
accepting a test cell, that a first limit value is equal to a second limit value 
multiplied with a finite number, wherein said first limit value is for a certain first 

10 quality factor of a test cell and for a certain first set of , quality factors, consisting of 
quality factors of cells in a first active set, the second limit value is for a certain 
second quality factor of a test cell and for a certain second set of quality factors, 
consisting of quality factors of cells in a second active set, and the first quality 
factor is equal to the second quality factor tnultiplied with the same finite number 

15 and the first set of quality factors is the same as a set formed of the quality factors 
belonging to the second set of quality factors multiplied with the same finite number 
and 

- means for deciding about the acceptance of the test cell as a candidate cell for the 
active set using the acceptance criterion, 

20 The invention relates to a network element comprising 

- means for detemiining a quality factor for a test cell and 

- means for detemiiriing quality factors for the cells in the active set, which network 
element is characterized in that it further comprises 

- means for selecting such an acceptance criterion, which defines a value for a limit 
25 for accepting a test cell, diat a first limit value is equal to a second limit value 

multiplied with a finite number, wherein said first limit value is for a certain firist 
quality factor of a test cell and for a certain first set of quality factors, consisting of 
quality factors of cells in a first active set, said second limit value is for a certain 
second quality factor of a test cell and for a certain second set of quality factors, 
30 consisting of quaUty factors of cells in a second active set, and the first quahty 
factor is equal to the second quality factor multiplied with the same finite number 
and the first set of quality factors is the same as a set formed of the quality factors 
belonging to the second set of quality factors multiplied with the same finite number 
and 

35 - means for deciding about the acceptance of the test cell as a candidate cell for the 
active set using die acceptance criterion. 

AMENDED SHEET 

F(nofan^S7PiT h.Nnv. ir. :ri:i 



««^'"'-53 MISTA-BERCGREN OY AB 
20G1 



06-11-2001 



UlSTA-BERGGREN OY AB 



«58-9-6933944 K-911 S.007/013 " F,0000796 

• 



6a 

In a method according to the invention, the quality factors of the cells in the active 
set are determined* Further, the quality factor of a test cell not in the active set but, 
for example, in the neighbor list is determined. The choice of the qualio^ factors 
used in a method according to the invendbn is not restricted. The term accepting a 
S test cell as a candidate cell for the active cell refers to a situation, where a mobile 
station or the cellular network notices that a certain cell has good enough quality 
factor, for example, to be added to the active set. The acceptance of a test cell as a 
candidate cell may trigger, for example, the transmission of the transmission quality 
reports from a mobile station to the cellular network. Thereafter the cellular network 
10. may decide whether the active set is modified. 



AMENDED SHEET 

Efiipf aocSi 1 1. 0 -nuv . 1 0 . uo 



■o'e'-ii-aoo'r" . »i"A^™M»»« 

m 

7 

In the method according to the invention, the acceptance criterion is selected so that 
it fulfills the following condiUon. The acceptance criterion for a test cell having a 
quality factor and for an active set having n cells, whose quality factors are Pi, 
P2. ....-P«.is fi'(Pr.P,,Pj.P3....)^ The value G"(^^.P,,P2,J^3,-.) is equal to the value 
5 of acceptance criterion for a test cell having a quality factor oPt and for an active set 
having n cells, whose quality factors arc aPu aPz, , . aP„. Here a is any finite scalar 
number. The condition for the acceptance criterion can be written as 

Vfl Q\aPr .aP, , aP^ . aP^ .,..)= Q\P^ . P, . /> . 

^ The quality factor of the test cell and the quality factors of cells in the active set are 

10 not restricted, the condition holds for any values of and P^, where P| is die quality 
factor of cell i in the active set. An example of a acceptance criterion fulfilling the 
condition is the following criterion where geometric mean is employed 

Q\Pr.P,.P....): Pr>^^inJi 
because Q:{aPr.aP^,aP^,aP^...) is 
15 Qt^r,aP,,aP„.,.): aP^ > = ^VTl^ = a 

If for a certain value of Pr, Q\Pr.Px.P..P^.^.) is true, then Q\dP^,aP^,aP^,aP^,..) is 
also true. In other words, if a test cell having quality factor Pt is accepted as a 
candidate cell for the active set whose cells have quality factors P\ and P2, a test cell 
having quality factor aPr is accepted as a candidate cell for the active set whose 
20 cells have quality, factors oPj and aP^, It is possible to use only some of the quality 
factors of the cells in the active set in the acceptance criterion, but typically the 
quality factors of all cells in the active set are used. 

In one embodiment of the invention said acceptance criterion involves a function, 
whose value depends at least on quality factors of first cells in the active set and on 
25 certain parameter values. Said acceptance criterion procudes a same value for said 
first quality factor of a test cell, said first set of quality factors and first parameter 
values as for said second quality factor of a test cell, said second set of quality 
factors and the same first parameter values, said first parameter values being any 
parameter values; 

30 It may, however, be easier to normalized all the quality factors with a certain 
number and then use the normalized quality factors. The acceptance decision may, 
for example, be a function having the normalized quality factors as variables. The 
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Claims 



1. A method (200, 300, 400) for determining a candidate cell for an active set, 
where 



- the quality factor of each cell in the active set is detemiined (202), 
5 - a quality factor of a test cell is determined (203)» and 

- the test cell is accepted (205) as a candidate cell for the active set, if ah acceptance 
criterion, which defines a value for a limit for accepting a test cell, is fulfilled, 
characterized in that such an acceptance criterion is selected (201) that a first limit 
value is equal to a second limit value multiplied with a finite number, wherein said 

10 first limit value is for a certain first quality factor of a test cell and for a certain first 
set of quality factors, consisting of quality factors of cells in a first acdve set, said 
second limit value is for a certain second quality factor of a test cell and for a certain 
second set of quality factors, consisting of quality factors of cells in a second active 
set, and the first quality factor is equal to the second quality factor multiplied with 

15 the same finite nunciber and the first set of quality factors is the same as a set formed 
of the quality factors belonging to the second set of quality factors multiplied with 
the same finite number. 

2. A method according to claim 1, characterized in that said acceptance criterion 
involves a function, whose value depends at least on quality factors of first cells in 

20 the active set and on certain parameter values, and in that said acceptance criterion 
produces a first limit value for said first quality factor of a test cell, said first set of 
quality factors and first parameter values, which first limit value is equal to a 
second limit value multiplied with the finite ntmiber, said second limit value being 
for said second quality factor of a test cell, said second set of quality factors and said 

25 first parameter values, said first parameter values being any parameter values, 

3. A method (300, 400) according to claim 1, characterized in that 

r the quality factor of the test cell and the quality factors of the cells in the active set 
are normalized (301) with a number having a predefined relative value compared to 
the values of the quality factors of the cells in the active set, 
30 - a value for the limit is determined (302) using die normalized quality factors of the 
cells in the active set and the normalized quaUty factor of the test cell and 



- the test ceil is accepted (303, 205) as a candidate ceil, if the acceptance criterion is 
fulfilled. 
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4. A method (300, 400) according to claim 3, characterized in that the quality 
factors are normalized using the largest quality factor of the quality factors of the 
ceUs in the active set. 

5. A. method (300, 400) according to claim 3, characterized in that the quality 
5 factors are normalized using the smallest quality factor of the quaUty factors of the 

cells in the active set. 

6. A method (300, 400) according to claim 3, characterized in that the quality . 
factors are normalized using the average quality factor of the quality factors of the 
cells in the active set, 

10 7. A method (400) according to claim 1, characterized in that the acceptance 
criterion is such that for an active set where aU the cells have a certain quality factor 
the limit is that certain quality factor. 

8. A method according to claim 1, characterized in that the method is executed 
periodically. 

15 9. A method according to claim 1, characterized in that the method is triggered 
by a cenain event. 

10. A method according to claim 1, characterized in that the candidate cell is 
added to the active set, 

11. A method according to claim 1, characterized in that the cell having the worst 
20 quality factor in the active set is replaced with the candidate cell. 

12. A method for determining a cell to be removed from the active set, where 

- the quality factor of each cell in the active set is determined, 

- a rejection criterion is evaluated using the cell having the smallest quality factor as 
a test cell and a temporary set, which contains the cells of the active set except the 

25 cell having the smallest quality factor, and 

- the test cell is removed from the active set, if a rejection criterion, which defines a 
value for a limit for rejecting a test cell, is fulfilled, characterized in that such a 
rejection criterion is selected that a first limit value is equal to a second Umit value 
multiplied with a finite number, wherein said first limit value is for a certain first 

30 quality factor of a test cell and for a cenain first set of quality factors, consisting of 
quality factors of cells in a first temporary set, the second limit value is for a certain 
second quality factor of a test cell and for a certain second set of quahty factors, 
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consisting of quality factors of cells in a second temporary set, and the first quality 
factor is equal to the second quality factor multiplied with the same finite, numbeir 
and the first set of quality factors is tihe same as a set formed of the quality factors 
belonging to the second set of quality factors multiplied with the same finite 
5 number. 

13. A method according to claim 12, characterized in that said rejection criterion 
involves a function, whose value depends at least on quality factors of first cells in 
the temporary set and on certain parameter values, and in that said rejection criterion 
produces a first liinit value for said first quality factor of a test cell, said first set of 

10 quality factors and first parameter values, which first limit value is equal to a second 
limit value multiplied with the same finite number, the second limit value being for 
said second quality factor of a test cell, said second set of quality factors and said 
first parameter values, said first parameter values being any parameter values. 

14. An arrangement (500) for determining a candidate cell for an active set 
15 comprising 

- means (501) for determining a quality factor for a test cell and 

- means (502) for determining quality factors for the cells in the active set, charac- 
terized in that it further comprises 

- means (503) for selecting such an acceptance criterion, which defines a value for a 
20 limit for accepting a test cell, that a first limit value is equal to a second limit value 

multiplied with a finite number, wherein said first limit value is for a certain first 
quality factor of a test cell and for a certain first set of quality factors, consisting of 
quality factors of cells in a first active set, the second limit value is for a certain 
second quality factor of a test cell and for a certain second set of quality factors, 
25 consisting of quality factors of cells in a second active set, and the first quality 
factor is equal to the second quality factor multiplied with the same finite number 
and the first set of quality factors is the same as a set formed of the quality factors 
belonging to the second set of quafity factors multiplied with the same finite number 
and 

30 - means (504) for deciding about the acceptance of the test cell as a candidate cell 
for the active set using the acceptance criterion. 

15. An arrangement according to claim 14, characterized in that said acceptance 
criterion involves a function, whose value depends at least on quality factors of first 
cells in the active set and on cenain parameter values, and in that said acceptance 

35 criterion produces a furst limit value for said first quality factor of a test cell, said 
first set of quality factors and first parameter values, which first limit value is equal 
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to a second limit value niultiplied with the finite number, the second limit value 
being for said second quality factor of a test cell, said second set of quality factors 
and said first parameter values, said first parameter values being any parameter 
values. 

5 16. . A mobile station (510) comprising 

- means (501) for determining a quality factor for a test cell and 

- means (502) for determining quality factors for the cells in the active set, charac- 
terized in that it further comprises 

- means (503) for selecting such an acceptance criterion, which defines a limit for 
10 accepting a test cell, that a first limit value is equal to a second limit value 

multiplied with a finite number, wherein said first limit value is for a certain first 
quality factor of a test cell and for a certain first set of qualiQ^ factors, consisting of 
quality factors of cells in a first active set, the second limit value is for a certain 
second quality factor of a test cell and for a certain second set of quality factors, 
15 consisting of quality factors of cells in a second active set, and flie first quality 
factor is equal to the second quality factor multiplied with the same finite number 
and the first set of quality factors is the same as a set formed of the quality factors 
belonging to the second set of quality factors multiplied with (he same finite number 
and 

20 - means (504) for deciding about the acceptance of the test cell as a candidate cell 
for the active set using the acceptance criterion. 

17. A mobile station according to claim 16, characterized in that said acceptance 
criterion involves a function, whose value depends at least on quality factors of first 
cells in the active set and on certain parameter values, and in that said acceptance 

25 criterion produces a first limit value for said first quality factor of a test cell, said 
first set of quality factors and first parameter values, which first limit value is equal 
to a second limit value multiplied with the finite number, the second limit value 
being for said second quality factor of a test cell, said second set of quality factors 
and said first parameter values, said first parameter values being any parameter 

30 values. 

18. A mobile station according to claim 16, characterized in that it is a mobile 
station of an Universal Mobile Communication System, 

19. A network element (520) comprising 

- means. (501) for determining a quality factor for a lest cell and 
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- means (502) for determining quality factors for die cells in the active set, charac- 
terized in that it further comprises 

- means (503) for selecting such an acceptance criterion, which defines a value for a 
limit for accepting a test cell, that a first limit value is equal to a second limit value 
multiplied with a finite number, wherein said first limit value is for a certain first 
quality factor of a test cell and for a certain first set of quality factors, consisting of 
quality factors of cells in a first active set, said second limit value is for a certain 
second quality factor of a test cell and for a certain second set of quality factors, 
consisting of quality factors of cells in a second active set, and the first quality 
factor is equal to the second quality factor multiplied with the same finite number 
and the first set of quality factors is the same as a set formed of the quality factors 
belonging to the second set of quality factors multipKed with the same finite number 
aiid 

- means (504) for deciding about the acceptance of the test cell as a candidate cell 
for die active set using the acceptance critaion. 

20. A network element according to claim 19, characterized in that it is a network 
element of the radio access network of the Universal Mobile Communication 
System. 

21. A network element according to claim 20, characterized in that it is a Radio 
20 Network Controller. 

. 22. A network element according to claim 19, characterized in that said 
acceptance criterion involves a function, whose value depends at least on quality 
factors of first cells in the active set and on certain parameter values, and in that said 
acceptance criterion produces a first limit value for said first quality factor of a test 
25 cell, said first set of quality factors and first parameter values, which first limit value 
is equal to a second limit value multiplied with the finite number, the second limit 
value being for said second quality factor of a test cell, said second set of quality 
factors and said first parameter values, said first parameter values being any 
parameter values. 
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Basis of the opinion 



Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

Certain document cited 

Certain defects in the international application 



3. The applicant is hereby Invited to reply to this opinion. 

When? See the time limit indicated above. The applicant may, before the expiration of that time limit, 
. request this Authority to grant an extension, see Rule 66.2(d). 

How? By submitting a written reply, accompanied, where appropriate, by amendments, according to Rule 66.3. 

For the form and the language of the amendments, see Rules 66.8 and 66.9. 

Also: For an additional opportunity to submit amendments, see Rule 66.4. 

For the examiner's obligation to consider amendments and/or arguments, see Rule 66.4 bis. 
For an informeU communication with the examiner, see Rule 66.6. 

If no reply is filed, the international preliminary examination report will be established on the basis of this opinion. 

4. The final date by which the iritemational preliminary 
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WRITTEN OPINION International application No. PCT/FIOO/00796 

1. Basis of the opinion 

1 . With regard to the elements of thie international application (Replacement sheets which have been furnished to 
. the receiving Office in response to an invitation under Articie 14 are referred to in this opinion as "on'ginaiiy filed"): 

Description, pages: 

1-13 as originally filed 

Claims, No.: 

1-22 as originally filed 

Drawings, sheets: 

1 /5-5/5 as originally filed 



2. With regard to the language, ail the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the intemational search (under Rule 23.1 (b)). 
n the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
intemational preliminary examination was carried out on the basis of the sequence listing: 

□ contained In the International application in written form. 

□ filed together with the international application in computer readable fomri. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority In computer readable form. 

□ The statement that the. subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form Is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 
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□ 



the drawings. 



sheets: 



5. □ This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 

6. Additional observations, if necessary: 

III. Non-establishment of opinion with regard to novelty, Inventive step and industrial applicability 

1. The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non- 
obvious), or to be industrially applicable have not been and will not be examined in respect of: 

□ the entire international application, 
la claims Nos. 2-11,13,15,17-18, 20-22, 



□ the said international application, or the said claims Nos. relate to the following subject matter which does 
not require an international preliminary examination (specityi: 



IS the description, claims or drawings {indicate particular elements /?e/ow) or said claims Nos. are so unclear 
that no meaningful opinion could be formed (specify^: 
see separate sheet 

□ the claims, or said claims Nos. are so inadequately supported by the description that no meaningful opinion 
could be formed. 

□ no international search report has been established for the said claims Nos. . 

2. A written opinion cannot be drawn due to the failure of the nucleotide and/or amino acid sequence listing to 
comply with the standard provided for in Annex C of the Administrative Instructions: 

□ the written form has not been furnished or does not comply with the standard. 

□ the computer readable form has not been fumished or does not comply with the standard. 



V, Reasoned statement under Rule 66.2(a)(il) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 



because: 



1. Statement 
Novelty (N) 

Inventive step (IS) 



Claims 



Claims 1,12,14,16,19 
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Industrial applicability (lA) Claims 



2. Citations and explanations 
see separate sheet 



VII. Certain defects in the international application 

The following defects in the form or contents of the international application have been noted: 
see separate sheet 



Vlil. Certain observations on the International application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
see separate sheet 
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1- Concerning Item I 

Basis of tlie opinion 

Reference is made to the following document: 
D1: WO-A1 -9904593 



2. Concerning item ill 

Non-establishment of opinion with regard to novelty, inventive step and 
industrial applicability 

The present set of claims comprises two groups of independent claims on the same 
category (claims 1 and 12 and claims 14, 16 and 19, respectively) of overlapping and 
unclear scope (see item VIII) which makes practically impossible to carry out a 
complete examination with respect to novelty and inventive step of all claims. 

3. Concerning Item V 

Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step 
or industrial applicability; citations and explanations supporting such statement 

3.1 Despite of what is discussed in sections lil and VIII, and although it is not clear 
how the applicant will amend the claims to render them concise, the examiner will, 
in order to expedite the proceedings and as a service to the applicant, already 
now give an opinion on independent claims 1, 12, 14, 16 and 19. 

3.2 The document D1 is regarded as being the closest prior art to the subject-matter 
of claim 14, and insofar as this claim can be understood (see Section VIII), this 
document shows the following features thereof (the references in parentheses 
applying to this document): 

(i) A mobile station (see D1 , page 4, line 37: "At the mobile station ...") 
comprising: 
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(ii) means for determining a quality factor for a test cell (see D1, page 4, line 16- 
1 7: " means for determining power in the received signals... ") and 

(iii) means for determining quality factors for the cells in the active set (see D1 , 
page 5, lines 1-3: "... which is the sum of the energies of the pilots in the 
active set ."), characterised in that it further comprises 

(iv) means for selecting an acceptance criterion (see D1 , page 5, lines 3-8 : "... 
the optimum value of this threshold is determined by the mobile station 
itself .,.") and 

(v) means for deciding about the acceptance of the test cell as a candidate cell 
for the active set using the acceptance criterion (see D1, page 5, lines 6-8: 
" If the strongest pilot in the candidate set satisfies this threshold condition, it 
is added to the revised active set ..,"). 

The subject-matter of claim 1 differs from D1 only in that in claim 1 a. specifi c ratio 
between the fjrst quality factor^andjh^^ used ("when the 

first quality factor is equal to the second quality factor multiplied with any finite 
number") as well as the same specific ratio is disclosed between the quality 
factors grouped in a first and in a second set (the first set of quality factors is the 
same as a set formed of the quality factors belonging to the second set of quality 
factors multiplied with the same finite number), which is not explicitly disclosed in 
D1. 

It is however generally known to the person skilled in the art, that the feature of 
"the first quality factor being equal to the second quality factor multiplied by any 
finite number" is a commonly used direct ratio re l ation between guality factors , 
and that relation is also valid for the cells forming a set and not only for a single 
test cell. 

Thus, the subject-matter of claim 14 lacks an inventive step and does not meet 
the requirements of Article 33(3) PCT. 
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3.3 Regarding independent claims 16 and 19, the fact of including a certain 
arrangement (like the arrangement of claim 14) in a mobile station (claim 16) or in 
a network element (claiim 19) is a routine procedure for the person skilled In the 
art and, therefore, doesn't imply any inventive activity. 

Thus, the subject-matter of claims 16 and 19 lacks an inventive step and does 
not meet the requirements of Article 33(3) PCT. 

3.4 Independent claim 1 (method for determining a candidate cell for an active set) 
contains in terms of method features all the features of claim 14. 

A method for determining a cell to be removed from the active set as in 
independent claim 12 is immediately derivable from D1 (see page 5, lines 9-12: 
"Following the iterative process performed on the members of the candidate set, a 
second iterative process is performed to determine whether a pilot should be 
deleted from the revised active set . In this operation, pilots are tested from the 
weakest member of revised active set to the strongest. A combined pilot energy 
value is computed that is the sum of the energies of all pilots belonging to the 
active set") as it also contains in terms of method features all the features of claim 
14, whithout implying any inventive activity. 

Therefore, the subject-matter of claims 1 and 12 does not involve an inventive 
step in the sense of Article 33(3) PCT (see point 3.2 above). 



4. Concerning Item Vll 

Certain defects in the international application 

If the applicant wishes to proceed with the application the following matters should also 
receive attention: 

The opening part of the description should be brought into conformity with the wording 
of the claim of broadest scope as finally amended. 
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In page 2, lines 2-4 of the description, cells 111a, 111b and 1 1 1c are mentioned 
referring to Figure 1 . Those reference signs were not found in Figure 1 . 

In order to facilitate the examination of the conformity of the amended application with 
the requirements of Article 19(2), 34(2) PCT, the applicant is requested to clearly 
identify the amendments carried out, irrespective of whether they concern amendments 
by addition, replacement or deletion, and to indicate the passages of the application as 
filed on which these amendments are based. 

The attention of the applicant is finally drawn to the fact that the application should, for 
reasons of conciseness, include only the minimum necessary number of independent 
claims comprising all the essential technical features of the invention (Rule 6.4(a)-(c) 
PCT) and may not be amended in such a way that it contains subject-matter beyond 
the content of the application as originally filed (Articles 19(2) and 34(2) (b) PCT). 

5. Concerning Item Vlll 

Certain observations on the international application 

5.1 Although claims 1 and 12 and claims 14 and 19 have been drafted as two 

separate groups of independent claims, these claims appear to relate effectively 
to the same subject-matter, i.e. to a method and an apparatus for detenmining a 
candidate cell for an active set, respectively. The claims differ from each other 
only with regard to the definition of the subject-matter for which protection is 
sought. The aforementioned claims therefore lack conciseness. Moreover, lack of 
clarity of the claims as a whole arises, since the plurality of independent claims 
makes it difficult, if not impossible, to determine the matter for which protection is 
sought, and places an undue burden on others seeking to establish the extent of 
the protection. 

Hence, claims 1, 12, 14 and 19 do not meet the requirements of Article 6 PCT. 

In order to overcome this objection, it would appear appropriate to file an 
amended set of claims defining the relevant subject-matter in terms of one 
independent apparatus claim and a method claim followed by dependent claims 
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covering features which are merely optional (Rule 6.4 PCT) 

5.2 The application does not meet the requirements of Article 6 PCT, because 

independent claims 1, 12, 14, 16 and 19 are not clear for the following reasons: 

Independent claims 1, 14, 16 and 19 are not clear since It is unclear what is 
meant by "the acceotance criterion has the same value as for a certain second set 
of quality factors...", because it is not clear how can a criteriQn±iavfi_a.yalue. If 
what is meant is that the criterion Includes a certain threshold, and that "...said 
threshold has the same value as for a certain second set of quality factors...", this 
should be specified in the claims. 

The same clarity problem arises in claim 12 but regarding the rejection criterion . 

Furthermore, independent claims 1, 14, 16 and 19 are also unclear because the 
claims are referring to the result to be achieved (" the acceptance criterion is 
selected s o that for a certain ..." in case of claim 1 and "means for selecting an 
acceptance criterion so t hat for a certain first oualitv factor of a test cell and for a 
certain first set of ou alitv factors ... the acceptance criterion has the same value as 
for a certain second quality factor of a test cell and for a certain second set of 
quality factors " in case of claims 1 4, 1 6 and 1 9), but it is not disclosed how to 
arrive at that result and, therefore, the skilled person would not know how to 
choose the appropriate way of implementing said method or apparatus, 
respectively. 
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Claims 

1. A method (200, 300, 400) for detemiiniiig a candidate cell for an active set, 
where 

- tiie quaUty factor of each cell in the active set is determined (202), 
5 - a quality factor of a test cell is determined (203), and 

- the test cell is accepted (205) as a candidate cell for the active set if an acceptance 
criterion is fulfilled, characterized in that the acceptance criterion is selected (201) 
so that for a certain first quality factor of a test cell and for a certain first set of 
quality factors, consisting of quality factors of cells in a first active set, the 

10 acceptance criterion has the same value as for a certain second quality factor of a 
test cell and for a certain second set of quality factors, consisting of quality factors 
of cells in a second active set, when the first quality factor is equal to the second 
quaUty factor multiplied with any finite number and the first set of quality factors is 
the same as a set formed of the quality factors belonging to the second set of quality 

15 factors multiplied with the same finite nimiber. 

2. A method according to claim 1, characterized in that said acceptance criterion 
involves a fiinction, whose value depends at least on quality factors of first cells in 
the active set and on certain parameter values, and in that said acceptance criterion 
procudes a same value for said first quality factor of a test cell, said first set of 

20 quality factors and first parameter values as for said second quality factor of a test 
cell, said second set of quaUty factors and said first parameter values, said first 
parameter values being any parameter values. 

3. A method (300, 400) according to claim 1, characterized in that 

- the quality factor of the test cell and the quality factors of the cells in the active set 
25 are normalized (301) with a mmiber having a certain relative value compared to the 

values of the quality factors of the cells in the active set, 

- a value for the acceptance criterion is determined (302) using the normalized 
quality factors of the cells in the active set and the nomialized quality factor of the 
test cell and 

30 - the test cell is accepted (303, 205) as a candidate cell, if the acceptance criterion is 
fiilfiUed. 

4. A metiiod (300, 400) according to claim 3, characterized in that the quality 
factors are normalized using the largest quality factor of tiie quality factors of the 
ceUs in the active set. 
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5. A method (300, 400) according to claim 3, characterized in that the quality 
factors are normalized using the smallest quality factor of the quality factors of the 
cells in the active set 

6. A method (300, 400) according to claim 3, characterized in that the quality 
5 factors are normalized using the average quality factor of the quality factors of the 

. cells in the active set. 

7. A method (400) according to claim I, characterized in that the acceptance 
criterion is adjusted (402) so that for an active set where all the cells have a certain 
quality factor the acceptance criterion is that certain quality factor. 

10 8. A method according to claim 1, characterized in that the method is executed 
periodicaUy. 

9. A method according to claim 1, characterized in that the method is triggered 
by a certain event. 

10. A method according to claim 1, characterized in that the candidate cell is 
15 added to the active set. 

11. A method according to claim 1, characterized in that the cell having the worst 
quality factor in the active set is replaced with the candidate cell. 

12. A method for determining a cell to be removed from the active set, where 

- the quality factor of each cell in the active set is determined, 

20 - a rejection criterion is evaluated using the cell having the smallest quality factor as 
a test cell and a temporary set, which contains the cells of the active set except the 
cell having the smallest quality factor, and 

- the test cell is removed from the active set if a rejection criterion is fiilfilled, 
characterized in that the rejection criterion is selected so that for a certain first 

25 quality factor of a test cell and for a certain first set of quality factors, consisting of 
quality factors of cells in a first temporary set, the rejection criterion has the same 
value as for a certain second quality factor of a test cell and for a certain second set 
of quality factors, consisting of quality factors of cells in a second temporary set, 
when the first quality factor is equal to the second quality factor multiplied with any 

30 finite number and the first set of quality factors is the same as a set formed of the 
quality factors belonging to the second set of quality factors multiplied with the 
same finite number. 
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13. A method according to claim 12, characterized in that said rejection criterion 
involves a function, whose value depends at least on quality factors of first cells in 
the active set and on certain parameter values, and in that said rejection criterion 
procudes a same value for said first quality factor of a test cell, said first set of 

5 quality factors and first parameter values as for said second quality factor of a test 
cell, said second set of quality factors and said first parameter values, said first 
parameter values being any parameter values. 

14. An arrangement (500) for determining a candidate cell for an active set 
comprising 

10 - means (501) for determining a quality factor for a test cell and 

- means (502) for determining quality factors for the cells in the active set, charac- 
terized in that it further comprises 

- means (503) for selecting an acceptance criterion so that for a certain first quality 
factor of a test cell and for a certain first set of quaUty factors, consisting of quality 

15 factors of cells in a first active set, the acceptance criterion has the same value as for 
a certain second quality factor of a test cell and for a certain second set of quality 
factors, consisting of quality factors of cells in a second active set, when the first 
quality factor is equal to the second quality factor multiplied with any finite number 
and the first set of quality factors is the same as a set formed of the quality factors 

20 belonging to the second set of quality factors multiplied with the same finite number 
and 

- means (504) for deciding about die acceptance of the test cell as a candidate cell 
for the active set using the acceptance criterion. 

15. An arrangement according to claim 14, characterized in that said acceptance 
25 criterion involves a function, whose value depends at least on quality factors of first 

cells in the active set and on certain parameter values, and in that said acceptance 
criterion procudes a same value for said first quality factor of a test cell, said first 
set of quality factors and first parameter values as for said second quality factor of a 
test cell, said second set of quality factors and said first parameter values, said first 
30 parameter values being any parameter values. 

16. A mobile station (510) comprising 

- means (501) for determining a quality factor for a test cell and 

- means (502) for determining quality factors for the cells in the active set, charac- 
terized in that it further comprises 

. 35 - means (503) for selecting an acceptance criterion so that for a certain first quality 
factor of a test ceU and for a certain first set of quality factors, consisting of quality 
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factors of cells in a first active set, the acceptance criterion has the same value as for 
a certain second quality factor of a test cell and for a certain second set of quality 
factors, consisting of quality factors of cells in a second active set, when the first 
quality factor is equal to the second quality factor multiplied with any finite number 
5 and the first set of quality factors is the same as a set formed of the quality factors 
belonging to the second set of quality factors multiplied with the same finite mmiber 
and 

- means (504) for deciding about the acceptance of the test cell as a candidate cell 
for the active set using the acceptance criterion. 

10 17, A mobile station according to claim 16, characterized in that said acceptance 
criterion involves a fimction, whose value depends at least on quality factors of first 
cells in the active set and on certain parameter values, and in that said acceptance 
criterion procudes a same value for said first quality factor of a test cell, said first 
set of quality factors and first parameter values as for said second quality factor of a 

15 test cell, said second set of quality factors and said first parameter values, said fiirst 
parameter values being any parameter values. 

18. A mobile station according to claim 16, characterized in that it is a mobile 
station of an Universal Mobile Commimication System. 

19. A network element (520) comprising 

20 - means (501) for determining a quality factor for a test cell and 

- means (502) for determining quality factors for the cells in the active set, charac- 
terized in that it further comprises 

- means (503) for selecting an acceptance criterion so that for a certain first quality 
factor of a test cell and for a certain first set of quality factors, consisting of quality 

25 factors of cells in a first active set, the acceptance criterion has tiie same value as for 
a certain second quality factor of a test cell and for a certain second set of quality 
factors, consisting of quality factors of cells in a second active set, when the first 
quality factor is equal to the second quality factor multiplied with any finite number 
and the first set of quality factors is tiie same as a set formed of the quality factors 

30 belonging to the second set of quality factors multiplied with the same finite mmiber 
and 

- means (504) for deciding about the acceptance of the test cell as a candidate cell 
for the active set using the acceptance criterion. 
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20. A network element according to claim 19, characterized in that it is a network 
element of the radio access network of the Universal Mobile Communication 
System. 

21. A network element according to claim 20, characterized in that it is a Radio 
5 Network Controller. 

22. A network element according to claim 19, characterized in that said 
acceptance criterion involves a function, whose value depends at least on quality 
factors of first cells in the active set and on certain parameter values, and in that said 
acceptance criterion procudes a same value for said first quality factor of a test cell, 

10 said first set of quality factors and first parameter values as for said second quality 
factor of a test cell, said second set of quality factors and said first parameter values, 
said first parameter values being any parameter values. 
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Figure 1 presents a schematic drawing of a cellular network which comprises base 
stations 101a, 101b and 101c. In Figure 1, these base stations are all connected to a 
single radio network controller 102 and each base station is in the middle of a cell 
111a, 111b and 111c. Figure 1 presents one mobile station 110. The base stations 
5 transmit downlink data to mobile stations (arrows 120a, 120b and 120c) and 
receive uplink data from mobile stations (arrows 121a, 121b and 121c). 

In general a base station may comprise many transmitters, each of which transmit a 
separate radio signal. In systems employing CDMA methods, the transmitters may 
use different spreading codes. Here term cell is used to refer either to a base station 
10 or, if a base station comprises many transmitters, to a transmitter. In a situation 
where a mobile station receives good quality downlink transmissions from many 
cells, it has to be decided which cell a certain mobile station communicates with. 

Usually the cellular network informs the mobile station of the possible cells, for 
example, selected based on the location of the mobile station. The information about 

15 the nearest cells is called neighbor list. In a cellular network which employs CDMA 
methods, the neighbor Ust may comprise the downlink spreading codes of the cells. 
By taking the spreading codes listed in the neighbor list into use, the mobile station 
may separate the data flows sent to it from each cell from the radio signal it 
receives. The neighbor list of the mobile station 110 may comprise, for example, the 

20 cells corresponding to base stations 101a, 101b and 101c, assiuning that a base 
station corresponds to one cell. 

Usually a pilot signal is transmitted in each cell. This pilot signal carries no 
changing data, so it can be quite straightforwardly used in estimating die quality of 
die downlink radio transmission of a certain cell. A mobile station may, for 
25 example, estimate the quality of the radio transmission of all the cells in the 
neighbor list. A suitable parameter for quaUty estimation is, for example in a 
cellular system employing CDMA methods, the Ec //o ratio, where Eq is energy per 
chip and /o is the interference. Any other parameter measuring the quality of the 
signal may also be used. 

30 The cells with which a mobile station communicates form the active set of that 
mobile station. A radio network controller, for example, directs the downlink data 
heading to a certain mobile station, to all the cells in die active set. 
Correspondingly, the mobile station listens to the downlink transmissions of all the 
cells in the active set. For example, the cells corresponding to base stations 101a 

35 and 101b can form the active set of the mobile station 1 10. 
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In the second example the active set contains also two cells, and now the quality 
factors are Pi = 3 and P2 = 3. The acceptance limit in this example is Q = 9.5 dB. 
The quality factors of the cells in the active set are 5 dB, so a cell has to have a 
quality factor 4.5 dB higher than the cells in the active set to be accepted to the 
5 active set Correspondingly, expressed in absolute values, a cell should have a 
quality factor Pc = 9.5 to be accepted to the active set. Intuitively, the acceptance 
criterion should also in this second example produce the result that a test cell can be 
accepted to die active set if the quality factor of the cell is larger than 3. 

The current acceptance criterion thus leads to situation where intuitively similar 
10 situations produce a different acceptance decision, A further problem with the 
acceptance criterion is that for an active set whose cells have the same quality 
factors, from here on called an uniform active set, the acceptance limit is not equal 
to the quality factor. 

The object of the invention is to present a method for determining a candidate cell 
15 for die active set. A further object of the invention is to present a method where 
similar active sets and test cells produce the same acceptance decision. Further, it is 
advantageous that the method for determining a candidate cell accepts a cell whose 
quality factor is equal to the quality factor of an uniform active set. 

The object of the invention is achieved by selecting the acceptance criterion so that 
20 it is indifferent to the absolute values of the quality factors. 

A mediod according to the invention is a method for determining a candidate cell 
for an active set, where 

- the quality factor of each cell in the active set is determined, 

- a quality factor of a test cell is determined, and 

25 - the test cell is accepted as a candidate cell for the active set if an acceptance 
criterion is fulfilled, and the method is characterized in that the acceptance criterion 
is selected so that for a certain first quality factor of a test cell and for a certain first 
set of quality factors, consisting of quality factors of cells in a first active set, the 
acceptance criterion has the same value as for a certain second quality factor of a 

30 test cell and for a certain second set of quality factors, consisting of quahty factors 
of ceUs in a second active set, when the first quahty factor is equal to the second 
quality factor multipUed with any finite number and the first set of quaUty factors is 
the same as a set formed of ihc quality factors belonging to the second set of quality 
factors miiltiplied with the same finite mmiber. 
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A mefhod according to the invention is a method for determining a cell to be 
removed from the active set, whwe 

- the quality factor of each ceU in the active set is determined, 

- a rejection criterion is evaluated using the cell having the smallest quality factor as 
5 a test cell and a temporary set, which contains the cells of the active set except the 

cell having die smallest quality factor, and 

- the test cell is removed from the active set if a rejection criterion is fulfilled, and it 
is characterized in that the rejection criterion is selected so that for a certain first 
quality factor of a test cell and for a certain first set of quality factors, consisting of 

10 quality factors of cells in a first temporary set, the rejection criterion has the same 
value as for a certain second quality factor of a test cell and for a certain second set 
of quality factors, consisting of quality factors of cells in a second temporary set, 
when the first quality factor is equal to the second quality factor multiplied with any 
finite number and the first set of quality factors is the same as a set formed of the 

15 quality factors belonging to the second set of quality factors multiplied with the 
same finite number. 

The invention relates also to an arrangement for determining a candidate cell for an 
active set comprising 

- means for determining a quality factor for a test cell and 

20 -means for determining quality factors for the cells in the active set, which 
arrangement is characterized in that it further comprises 

- means for selecting an acceptance criterion so that for a certain first quality factor 
of a test cell and for a certain first set of quality factors, consisting of quality factors 
of ceUs in a first active set, the acceptance criterion has the same value as for a 

25 certain second quality factor of a test cell and for a certain second set of quality 
factors, consisting of quality factors of cells in a second active set, when the first 
quality factor is equal to the second quality factor multiplied with any finite number 
and the first set of quality factors is the same as a set formed of the quality factors 
belonging to the second set of quality factors multiplied with the same finite number 

30 and 

- means for deciding about the acceptance of the test cell as a candidate cell for the 
active set using the acceptance criterion. 

A mobile station according to the invention comprises 

- means for determining a quality factor for a test cell and 

35 -means for determining quality factors for the cells in the active set, and it is 
characterized in that it further comprises 



wo 01/22763 




PCT/FIOO/00796 



6 



- means for selecting an acceptance criterion so that for a certain first quality factor 
of a test cell and for a certain first set of quality factors, consisting of quality factors 
of cells in a first active set, the acceptance criterion has the same value as for a 
certain second quality factor of a test cell and for a certain second set of quality 

5 factors, consisting of quality factors of cells in a second active set, when the first 
quality factor is equal to the second quality factor multipUed with any finite number 
and fhe first set of quality factors is the same as a set formed of the quality factors 
belonging to die second set of quality factors multiplied with the same finite number 
and 

10 - means for deciding about the acceptance of the test cell as a candidate cell for the 
active set using the acceptance criterion. 

The invention relates to a network element comprising 

- means for deterniining a quality factor for a test cell and 

- means for determining quality factors for the cells in the active set, which network 
15 element is characterized in that it fiuther comprises 

- means for selecting an acceptance criterion so that for a certain first quality factor 
of a test cell and for a certain first set of quality factors, consisting of quality factors 
of cells in a first active set, the acceptance criterion has the same value as for a 
certain second quaUty factor of a test cell and for a certain second set of quality 

20 factors, consisting of quality factors of cells in a second active set, when the first 
quality factor is equal to the second quality factor multipHed with any finite nimiber 
and the first set of quality factors is the same as a set formed of the quality factors 
belonging to the second set of quality factors multiplied with the same finite number 
and 

25 - means for deciding about the acceptance of the test cell as a candidate cell for the 
active set using the acceptance criterion. 

In a method according to the invention, the quality factors of the cells in the active 
set are determined. Further, the quality factor of a test cell not in the active set but, 
for example, in the neighbor list is determined. The choice of the quality factors 

30 used in a method according to the invention is not restricted. The term accepting a 
test cell as a candidate cell for the active cell refers to a situation, where a mobile 
station or the cellular network notices that a certain cell has good enough quality 
factor, for example, to be added to the active set The acceptance of a test cell as a 
candidate cell may trigger, for example, the transmission of the transmission quality 

35 reports fi:'om a mobile station to the cellular network. Thereafter the cellular network 
may decide whether the active set is modified. 
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In the method according to the invention, the acceptance criterion is selected so that 
it fulfills the following condition. The acceptance criterion Q for a test cell having a 
quality factor Pr and for an active set having n cells, whose quality factors are Pi, 
Pa, .■.,P«, is e'(P^,P,,P2>^3>-)- The value g(P^,P,,P„i>3,...) is equal to the value 

of acceptance criterion for a test cell having a quality factor aPr and for an active 
set having n cells, whose quality factors are aPi, oPa, . . aP„. Here a is any infinite 
scalar number. The condition for the acceptance criterion can be written as 



The quality factor of the test cell and the quality factors of cells in the active set are 
not restricted, the condition holds for any values of Pj and P„ where Pi is the quality 
factor of cell / in the active set. An example of a acceptance criterion fiilfilling the 
condition is the following criterion where geometric mean is employed 

g(p„p,,p„...): Pr>vrR' 

because Q(aPj,,aP^,aP2,aP^,...) is 

&{aPr.aP,,aP,,...): aP^>«Vn^ = "^/^^/^T^ = ^VTT^ 

Iffor a certain value of Pr, e'(Pr,P,,P2,P3,. •) is true, then Q{aP^,aP,,aP^,aP^,.,) is 
also true. In other words, if a test cell having quality factor Pr is accepted as a 
candidate cell for the active set whose cells have quality factors Pi and P2, a test cell 
having quality factor aPr is accepted as a candidate cell for the active set whose 
cells have quality factors aPi and aPa. It is possible to use only some of the quality 
factors of the cells in the active set in the acceptance criterion, but typically the 
quality factors of all cells in the active set are used. 

In one embodiment of the invention said acceptance criterion involves a function, 
whose value depends at least on quality factors of first cells in die active set and on 
certain parameter values. Said acceptance criterion procudes a same value for said 
first quality factor of a test cell, said first set of quality factors and first parameter 
values as for said second quality factor of a test cell, said second set of quality 
factors and the same first parameter values, said first parameter values being any 
parameter values. 

It may, however, be easier to normalized all the quality factors with a certain 
nimiber and then use the normalized quality factors. The acceptance decision may, 
for example, be a function having the normalized quality factors as variables. The 



Va e'(aP^,aP„aP„aP3,...) = g(P^,P,,P„P3,...). 
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